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AN EXPERIMENTAL STUDY OF THE TECH¬ 
NIQUE OF INDIAN POTTERY MAILING 


JAMES B GRIFFIN AND CARLETON W ANGELL 

R EXJENT research work in the Ceramic Repository in the Uni¬ 
versity of Michigan Museums revealed that a more complete 
understanding of Indian pottery could be gained by a better knowl¬ 
edge of the matenals used by abonginal artisans and of their methods 
of constructing the vessels For this reason the experiments dis¬ 
cussed below were undertaken The methods employed followed 
as closely as was deemed necessary the procedure of the primitive 
craftsman The ceramic specimens from the eastern half of North 
America and, more particularly, from the northern part of that 
area appear to be of rather crude and primitive workmanship It 
would not seem that much skill or technical knowledge would be 
needed tu duplicate the results obtained by Indian potters How¬ 
ever, we found that there were a number of tncks to this trade with 
which we wore not familiar and that our work was merely a small 
boginmng in the amount of technical investigation which will have 
to be done before this phase of abonginal industry is understood 
Durmg the summer of 1933 we spent two weeks at the University 
of Michigan Fresh Air Camp located on Patterson Lake, Livingston 
County, Michigan, at which time we earned out the investigations 
We should like to thank the Board of Directors of the camp and 
particularly the director, Mr George Alder, for the many favors 
and courtesies extended to us durmg our stay at the camp 

The clays used In the experiment came from beneath the director’s 
cottage, from a roa<l bank at a small commumty that is locally called 
“Hell/* and from a deposit of native commercial clay at Fhnt, 
Michigan. These clays were selected because we wished to ob¬ 
serve the different reactions of unworked clay and the commercial 
I»t>duot The gnt temper was obtained by crushing partially dis¬ 
integrated granitic firestone which came from a neighboring Indian 
site Sand was secured from the camp supply Shells for tempeiing 

1 
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were freab^water bivalves gathered in Patterson Lake, they were 
identified by Dr Henry Vender Schalie as AnodtmUi grandts fooUana 
Lea and Lamjmlu sihqymdea Barnes The clay, shell, and rook 
were pulvensed in an iron mortar and pestle By varying the 
amount of the tempering matonal used with the clay we sought to 
discover the proportions employed in abongmal times Other ma¬ 
terial moluded cloth, saucers, a zmo-lined table, a wire screen, walnuts, 
a corncob, a cord-wrapped stick, a cord-wrapped paddle, a paddle 
with a carved design, a smooth paddle, and several water-worn 
pebbles The pottery was made under the shade of a large walnut 
tree, so that the heat of the sun would not dry the clay as it was 
being shaped 

After the assembling of the materials the first step was the 
preparation of the ingredients The individual clays were placed 
one at a time m the mortar and pulverized The aboriginal custom 
was to crush the clay between stones It was then sifted through 
a i-inch screen and placed on the table Some of the tribes win¬ 
nowed the clay to remove impurities, but others were not so paiv 
tioular The shells were scraped to remove any foreign matter and 
were pounded into small pieces The rotten rock was subjected to 
the same pulveneing treatment 

A sufficient amount of day to make three or four pots from 4 to 
6 inches m diameter and from 4 to 5 inches high was mixed with 
approximately one third or one fourth as much shell or grit Tlie 
materials were luit weighed because of the loss resulting from blending 
the imxturo, molding the pot, and scraping and smoothing the un¬ 
finished vessels It was thought that the more accurate knowledge 
of the exact percentages of clay, temper, and water in the vessd 
would not be worth the expenditure of more time and labor The 
olay-temper mixture was then formed mto a cireular dam, and a 
small quantity of water poured mto the center The water was 
worked mto the mixture until the clay had the consistency of thick 
dough (see PI I, Fig 1) If the mixture was too dry, the clay 
oould not be worked, if it was too wet, the hands became encased 
in the clay When the clay had been thoroughly kneaded, it was 
placed to one side and covered with a damp cloth to prevent Evapo¬ 
ration of the water 

A square ol the ootUm cloth saturated with water was laid on 
the concave surface of a saucer This practice u closely analogous 
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to known procedure of Indian potters^ as is the following method of 
construction A small amount of clay from the knead^ mass was 
rotated between the palms of the hand and formed into a ball This 
ball was then placed on the cloth and squeezed out over the surface 
ol the saucer to within a half-inch of the hp The edge of this basal 
pat was beveled upward and inward to form a base for the first clay 
roll More clay was taken from the mass and rolled between the 
handSf or on the table, into a ropehke strip having sufficient length 
to encircle the pat just completed This rope of clay Is called the 
coil The beveled edge of the pat was moistened before the coil 
was applied, as was each succeeding surface to which clay was added 
The coil was held in one hand while the other hand attached it to 
the prepared surface (see PI I, Fig 2) The tips of the fingers were 
used to press the coil firmly to the preceding layer of clay Imme¬ 
diately after applying each circle of clay, the inner and the outer 
projecting portion of the cod was pressed down over the preceding 
one, formmg a smooth surface It was found that, with the size of 
the tempering particles used, the nght thickness of the walls of the 
vessel could be obtained whde the clay was still plastic If an 
attempt was made to scrape the walls to their proper thickness 
after the vessel had dried, the temper particles were often pulled 
from the surface, leaving a hole m the wall If these surface cavities 
were filled in, care had to be taken to remove completely any au* 
within, otherwise the vessel would break while being fired 

By the time the last cod had been firmly applied the pot had 
assumed a finished appearance, for the thickness of the walls had 
been set If the rim was to be a distinct feature, an added cod was 
blexided upon the outer surface of the preceding cod and the joint 
smoothed (see FI I, Fig 3) Scallops on the hp were produced by 
tim^ bolding the palm of the left hand against the inner wall whde 
the index finger of the right hand pressed firmly against the hp 
A variety of surface markings was obtained with the use of bark 
gad dried w^nuts, which were pulled across the surface The com- 
oob and the cord-wrapped paddle were rolled across the wet clay, 
and the cord-wrapped paddle was also used to malleate the surface 
The design on the carved paddle was stamped into the surface of 
one of the vessels (see PI I, Fig 4) The smoothing pebbles and 
the paddles were used to produce an even surface fimsh 

The pot was now ready to be dried It was placed in a shaded 
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spot where it would not dry too rapidly and crack The time needed 
for drying depends on the weather and the thickness of the vessel 
It IS absolutely necessary that there should be no moisture m the 
clay when the vessel is fired, otherwise it will disintegrate 

A small ^ood fire was prepared, and the dried pots supported 
by sand were set up around it, with the mouths of the vessels toward 
the flames (see PI II, Fig 1) When the fire had burned down to 
coals, the vessels, which were now too hot to handle without gloves, 
were laid on the embers mouth downward Dried cow dung and 
bark were placed over the pottery and allowed to burn away The 
completed vessels were then permitted to remain in the ashes m 
order to prevent breakage from uneven cooling The initial heating 
averaged twenty to twenty-five minutes, with the actual firing taking 
a half-hour more The fired vessels were left m the coals for over 
two hours, and when finally removed were still warm 

Of the vessels that have subsequently been broken and examined 
two were made of clay from Flint, Michigan, which bad been mixed 
with sand approximately m the proportions of 2 to 1 The hardness 
of these vessels and of the others is from 2 to 2 5 The texture of 
the paste is fin© The clay before finng was gray These two vessels 
burned to a very light brown on the exterior surface The cross- 
sections revealed that the brownish color extends but a short distance 
into the body, varying from a mere film to approximately one fourth 
of the thickness of the cross-sections 

Some authorities believe that it is possible to ascertain the method 
by which a pot waa formed by examming the broken pieces We 
know that these vessels were constructed by coiling, and according 
to this theory should have broken primarily along the coiling lines 
The two vessels discussed above and all the others save one broke 
perpendicularly to the coiling lines 

Another combination was made of two parts of Flint day to 
one of gnt or pounded rock The texture of this group is medium- 
fine Here also we see the change of color from the original gray to 
a brown on the extenor surface The cross-section, however, pre¬ 
sents a somewhat different picture The line of separation between 
the inner grayish zone and the brownish exterior is sharj^y marked, 
so that the vessel appears to have been made from two different days 
Firing the Hell clay resulted in a change from the original light 
yellow to a light brown on the surface and to a grayish brown in 



Indian Pottery Making 5 

the cro86-Reoiion This clay shows a tendency to surface-crackle m 
restncted areas 

One of the vessels was made of light yellow day taken from 
beneath the director's cottage and shill was used as the tempering 
material The color before and after iinng was nearly the same as 
that of the Hell clay Much of the shell that was exposed on the 
exterior surface, or that which lay close beneath the surface, was 
slaked, it appears os white spots on the photograph (see PI 11, 
Fig 2) The shell in the rest of the \ essel was not affected in this 
manner 

The surface of the vessel that had l>een smo?)thed with a paddle 
did not show to a noticeabk degree the mdn idual strokes used, but 
the horuBontal markings left by the smoothing pebble were quite 
distinct This type of smoothing is \cry often encountered on Indian 
pottery of eastern United States Ihe impressions left by the cord- 
wrapped paddle are identical in type with some of those appearing 
on eastern Woodland pottery (see PI 11, Fig 3) The design made 
by the carved paddle (see PI II, Big 3) is analogous to a type of 
surface decoration common in southeastern United States 

This preliminary in\ estigation has pnxlueed a number of rather 
interesting results Pottery made from unrefined natut clay is as 
hard as that made from refined native clay when the two are fired 
In the open air Most of the Imhan pottery of the neighboring re¬ 
gions contain'^ a higher percentage of tempering matenal than was 
used m these experiments Vessels made of clay from a gnen de¬ 
posit will, an general, assume the same color pattern, but individual 
variation owing to different firing conditions is liable to be greater 
than might be supposed Distinctly defined color differences between 
the surface and the intenor of a vessel are not conclusive e\ idences 
of a slip, rince the color difference is not an adequate entenon The 
determination of the method of constnating a vessel by the fracture 
lines IS liable to be inaccurate unless, for instance, the lines of coiling 
have not been obliterated A surface finish similar to that of ab¬ 
original vessels can readily be dupheat-ed today 

Future work will attempt to arn\e at more accurate determina¬ 
tions the percentage of tempering used We should Uke to know 
the amount of heat and the length of time needed to fire a given clay 
to a given hardness We should also like to know the method by 
which the Indians avoided the slaking of the shell employed m 
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tempering while obtaining a harder vessel than we produced We 
shall also attempt detailed examinations of sherd crosa^ections in 
an endeavor to detemune the method of oonstruotion There are^ of 
course, many questions yet to be answered oonoeming the nature ol 
the materials and the technique of manufacture of Indian pottery 
A trained ceramist is at present devoting his time to detailed physioal 
analyses of the primitive wares m the Ceramic Repository As time 
goes on our studies of aboriginal pottery not only will contain accu¬ 
rate descriptions of the specimens, but also will carry objective data 
on their physical properties 

Umviuismr or Michxoan: 
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GOLD-DECORATED TEETH FROM THE 
PHILIPPINE ISLANDS 

CARL E GUTHE 

T he Philippine coUeotioiui of the Museum of Anthropology of 
the University of Michigan contain a group of forty-three human 
teeth possessing small holes into which gold disks or plugs were in¬ 
serted for decorative purposes These are all anterior teeth, with 
the holes drilled on the labial or outer surface In twenty specimens 
the gold disks are still in place, and four of them bear gold plates 
which are attached to the surface of the tooth by means of minute 
{Ans, similar to the phi^ There is every reason to believe that the 
Filipinos obtained the gold used in this manner by placer mimng in 
some of the Philippine streams from which gold may still be ob¬ 
tained today 

These examples of an unusual method of adornment were obtained 
by the 1922-2^ archaeological reconnaissance expedition sent by the 
Univeinity to the southern half of the Philippine Archipelago They 
were originally associated with burials located in three widely 
separated parts of the Visayan, or central, group of islands, namely, 
the klands of Negros, Mas^te, and Samar 

The Honorable Dean C Worcester, who sponsored the expedition, 
turned over to its collections a group of matenal obtained during 
axeavatlona carried on under his direction pnor to the arrival of the 
expedition. At one of these sites, bearing the field catalog number 
B1, two teeth were coUeoted, each which had gold plugs in its 
labial surface The site was a bunal ground or cemetery on a sandy 
beadi about three miles south of the town of Vail^ermoso, in the 
northern part of the province of Eastern Negros No detailed record 
had been kept of the contents of eadi grave, but the cemetery as a 
whole yielded many examples of trade materials, such as Asiatic 
porcelains and etosieware^ idAtNh stone, and gold beads of several 
varieties, lead net linkers, andaigiedmeiiof iron, and, in addition, 
native pottery and ornaments. 


7 
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Teeth ornamented with gold were found in two localities In the 
municipality of Aroroy, m the extreme northwestern tip of the island 
of Masbato The first of these (G91) was a buna! found by a 
Filipino in 1923 while <hgging a post hole for a house It was in a 
sandy beach between Diablo Island and Point Colorado, about one 
hundred yards from the water line The bones of an adult had been 
buried m a }ar bearing a brownisli green glaze and ornamented with 
a dragon design Above the jar, which had been placed right side up, 
were found the fragments of a celadon bowl, which once may have 
served as a cover Under tlie jar was a light-colored stoneware bowl, 
on which was a badly disintegrated glaze The four upper incisors of 
the bunal had had gold plugs m them The Filipmo discoverer tore 
out sixteen disks from two of them, but the other two still retain seven 
disks each 

The second locality in Masbate was near the town of MaJUbon, 
only a few miles from the site of the bunal just desenbed In a small 
cave, which is little more than a rock shelter (C 47), badly shattered 
human bones indicated former burials Rottmg fragments of a small 
wooden coffin of native workmanship, sherds of native^w are jars, of a 
large glazed jar with a dragon design upon it, and of monochrome 
glazed stoneware bowls were scattered on the surface of the cave 
floor Screening the deposits in several sections of the cave revealed 
antler points, bone beads, a thin gold disk with an embossed design, 
and seventy miscellaneous human teeth Three of these teeth had 
been ornamented, one bore an empty hole on its labial surface, but 
two others still earned irregularly shaped thin disks covenng the en¬ 
tire labial surfaces 

The great majonty of the teeth beanag gold decorations, that 
IS, thirty-four out of forty-three, were encountetjd while screening 
the deposits in two bunal caves on small islands just off the west 
coast of Samar, lying east of the small island of Daram, and thirteen 
miles due south of the town of Catbologan One of these (C 2), which 
was examined by Mr Worcester's party, yielded suteen suc^ teeth, 
the secohd (0 7), dug by the expedition, revealed eighteen teeth 
ornamented with gold Although the first cave was much larger 
than the second, the conditions and associations in both, which were 
in limestone formations, were essentially the same The Boors, 
although usually dry, bad clearly been subjected to water action, 
probably during storms The confusion resulting from natural dis- 
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turbances was inereaaed by occasional visits of beasts and men 
The bones of the skeletons had been scattered In the second cave 
three human skulls were seen jammed m a crevasse l^ragments of 
the same vessel were found separated by many feet, and sherds, 
apparently old, lay beside more recent ones, in the rclativ ely shallow 
deposits which had no clear stratification The caves had apparently 
been used a long time as places of bunal, for the collections, obtained 
largely by screening the deposits, include, in addition to the orna¬ 
mented teeth and other skeletal remains, the following matenals 
fragments of stoneware and eartlienware plates and bowls, some 
bearing monochrome glazes of green, gray or brown, others showing 
blue and white or black and white designs, sherds of greenish 
broi^n glazed jars, and of native-ware vessels, a few iron implements, 
and handles made from antler fragments, and articles of adornment, 
including bracelets, rings, and beads of shell, stone, and gold Among 
the hundreds of disassociated human teeth were many that were 
discolored, probably largely by betel-nut stain Others showed 
evidence of having been filed, either to bring them to a point, or to 
flatten their labial surface 

The evidence indicates that Visayan Filipinos, living m at least 
three widely separated localities, had formerly mutilated their teeth 
for purposes of adornment by staining them, by filing them in two 
ways, and by inserting gold plugs or disks into the labial surfaces 
The last custom is not necessarily confined to a single cultural group, 
for it has been found associated with three forms of bunal simple 
inhumation, cave burial, and jar bunal It is unfortunate that the 
confused condition of the cave deposits did not permit the strati- 
graphical dating of this custom It may be noted in passing that 
some of the associated Chinese trade vessels appear to have been 
made during the Sung dynasty (960-*1279 a n ) 

We have documentary evidence, however, that the Filipinos 
decorated their teeth in this manner not many centuries ago Antonio 
Pigafetta, the Itedian chronicler of Magellan’s voyage, wrote that 
m March, 1:521, the company stopped at Butuan and Caraga, in 
northern Mindanao, where they met a native chief who “had three 
spots of gold on every tooth, and his teeth appeared as if bound with 
gold ‘ In a letter from Seville, written about 1564-06, mention is 
made decorating teeth “By way oi adornment, they color their 
^ BUur and Roberison, S3 128 
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teeth, and bore them through from side to side, placing pegs of gold 
in the holes " * A Jesuit monk, Pedro Chinno, who lived In the 
Philippines from 1500 to 1035, wrote in his Relactdnt which was pub¬ 
lished in Home in 1004 “They [the Bihpinos] all cover their 
with a varnish, either lustrous black or bright red — with the result 
that the teeth remam as black as jet, or rod as vermilion or ruby 
From the edge to the middle of the tooth they neatly bore a hole* 
which they afterward fill with gold, so that this drop or point of gold 
remains as a shining spot m the middle of the black tooth This 
seems to them most beautiful, and to us does not appear ugly 

Morga, m his Sucesos, which was published in 1609, gives addi«* 
tional information “ All are very careful of their teeth, whleh from a 
very early age they file and render even, with stones and Iron They 
dye them a black color, which is lasting, and which preserves theur 
teeth until ihey are very old, although It is ugly to look at “ ♦ Father 
EHego de Bobadilla, m an unsigned and undated muiusoript, which 
was probably composed during the years 1638-40, states that the 
Filipinos “file them [their teeth} from their earhest diilcUiood, some 
making them even in this way, others filmg them into pomts, thus 
giving them the appearance of a saw They cover the teeth with a 
black, glossy polish, or one that is fiame coloured, and thus their teeth 
become black, or as red as vermilion In the upper row, they make 
a Uttle covering which they fill with gold, which ^ows off to ad^ 
vantage on the black or red background of that polish “ * Before the 
middle of the eightmth century the Filipinos Bcem to have aban^ 
doned this custom, for a Frandsoan monk, Juan Francisoo de fikm 
Antonio, says in his Cromcos, which was published at Mamla between 
1738 and 1744 “They also, especially the chief women, adorned the 
teeth with gold, with exquidte beauty 1 do not know whether they 
waste the gold so now “ * 

That an interest m this form of p^sonal adornment sUU perdsts 
among the Filipinos in the twentieth century is indicated Dr Louis 
Qttofy, of Chicago, who practiced in Manila during the early days of 
the American Occupation He has sent the following statameitf 
“ The desire for ornamentation was so keen that there was devised a 
so-called dental ornament This consisted of a thin piece of gold, 
about eii^teen oaTat, cut in the shape of a heart To its distal aur* 

> Blair and Robeiim, 3 933 78 « /Mf, mm 

« /MJ, 13 187 » ibid, 28 387H288. 
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face two email luge were aoidored These passed m the interproxi- 
mal space between two incisors, or the lateral meteor and the cuspid 
(but generally between the central incisors), the lugs were then 
bent with the fingers, one to the right, the other to the left, and 
the piece of gold was held m place From a distance the appearance 
was that of large gold fillings in the proximal surfaces llie piece 
could be removed by the wearer, and when tarnished, could be 
polished an^ replaced Or if one was tired of wearing it in one place, 
it could be moved elsewhere I was informed that on special oc¬ 
casions, such as a weddmg or a fiesta, the principals would borrow 
these ornaments from their friends, and thus eidiibit a number of 
them in tjhe same mouth, giving the appearance of many gold filhngs 
Later, when gold crowns began to be seen, this practice of orna¬ 
mentation was extended and a piece of gold was out to cover the 
entire labial surface of the tooth, with two projections or lugs which 
passed between the interproximal surfaces on each side, and being 
bent on to the distal surface of the tooth, held it in place In eat¬ 
ing, food wedges between the tooth and the gold ornament or fdolng, 
but as they can be taken off at will, they are washed and replaced 
These ornaments and faomg were also made and adjusted by jewelers 
The usual pnoe was three pesos for the ornament and five pesos for 
the facing Since the mtr^uction of gold crowns, and the morease 
in the number of dentists in all parts of the islands, this (naetice is 
being abandoned in favor of gold crowns '' 

Yet the custom of mutilating teeth for purposes of adornment 
seems to have disappeared in the Philippines before any known care¬ 
ful record was made of the process by which the disfigurement was 
accomplished Fortunately, travelers of recent years in other islands 
of Malaysia have described a still existing identical custom among the 
inhabitants of Borneo and Sumatra, with the single difference that 
brass was used instead of gold Dr Joseph B Davis, in the catalog 
of his collection of skulls, desoiibes and illustrates a skull of a young 
Dyak man, named Pa^Handoeran, about thirty years old at the time 
of his death, which came from Bandjenuassing, on the island of 
Borneo* “The teeth have been fearfully tampered with at the dicta- 
tkm of fashion Both upper and lower front teeth have been rubbed 
down on their cutting-edges, the first considerably, then the four 
upp^ inoisorB and two canines have been tapped with a small hole 
t^ugh the enamel and into the cavity of the tooth (on their front 
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surfaces), and a metallic peg with a round head driven into each 
In this way (when the upper lip was raised) the shining knob on each 
tooth would be displayed The metal is yellow, and no doubt it is 
brass The pegs of the outer moisors have fallen out, and the holes 
pierced into their pulp-cavities arc seen ” ^ 

H Ling Roth,® who wrote a large treatise called The Nahvee of 
Sara^vak and Brtitsh North Borneo, gives a number of illustrations 
of teeth filled with metal, and quotes from several sources, as follows 
“The Rev F W Leggatt informs me * Teeth are also frequently 
filed like the teeth of a saw, and blackened, alter which brass wire is 
cut into short lengths and dnven in as studs into holes previously 
drilled m the teeth Or the stud ornament may be adopted without 
filing the teeth ^ At Lake Padang Mr Homaday ‘took 
advantage of their good humor to ask them about the little metallic 
plates on some of their front teeth, which looked like gold I found 
that each upper incisor and canine tooth was capped by a smooth 
plate of copper, held in place by a pm driven into a hole in the tooth 
The Dyaks showed me how the hole is drilled (with a bow), and one 
imitated the agony they endure during the operation He was a 
good actor, and his facial and bodily contortions and wnthings ex¬ 
cited roars of laughter' From the Baram river Mr C Hose writes 
‘The teeth are filed by nearly all the races of Borneo at any age, 
and in many cases drilled with holes m which brass wire is inserted 
(J A I XXIII, 167) “ 

The most satisfactory description of the process by which these 
holes are drilled and then filled with metal is given by E H Gomes,® 
m Seventeen Years amang the Sea Dyaks of Borneo “The teeth are 
often blackened, as black teeth are considered a sign of beauty 
The blackening is done by taking a piece of old coconut ^ell or of 
certain woods, and holding it over a hot fire until a black resinous 
juice exudes This juice is collected and while still warm the teeth 
are coated with it 1116 front teeth are also frequently filed to a point, 
and this gives their face a curious dog-hke appearance Sometimes 
the teeth are filed concavely in front, or else the front teeth are fijed 
down till almost level with the gums Another ounous way of treat¬ 
ing the front teeth is to dnll a hole in the middle of each tooth, and 
fix in it a brass stud 1 was once present when this operation was in 
progress The man lay down with a piece of soft wo^ bet^reen his 
V P 289 Skifil number 279 « 2 78. * Fp 38-39. 
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teeth, and the ^dentist’ bored a hole m one of his front teeth The 
agony the patient endured must have been very great, judging by 
the look on his face and his occasional bodily contortions The next 
thing was to insert the end of a pointed brass wire, which was then 
filed off, leaving a short piece m the tooth, a small hammer was used 
to fix this m tightly, and, lastly, a little more filing was done to 
smooth the surface of the brass stud I am told the process is so 
painful that it is not often a man can bear to have more than one or 
two teeth operated on at a time ” 

A more emotional but less complete account of the process is 
given by W H Furness, 3rd “The Ibans [of Borneo], not con¬ 
tent with blackening the teeth, actually drill holes through and 
through the faces of the six front teeth, and therein insert plugs of 
brass, whereof the outer end is elaborated into stars and crescents 
Then they finish up by filing the teeth to sharp pomts! No dontist^s 
chair can hold a more hideous torture than this The drill, — usually 
no more delicate an instrument than the rounded end of a file, — 
boros directly through the sensitive pulp of the tooth, teanng and 
twisting a nerve so exquisitely sensitive that but to touch it starts 
the perspiration and seems the limit of human endurance, yet an 
Iban wiU he serene and unquivenng on the floor while his beauty is 
thus enhanced by some kind and tender-hearted friend Of course, 
the tooth dies and becomes a mere shell, tanned inside and out by 
repeated applications of the astringent blackening, the gums recede, 
exposing the fangs of the teeth and sometimes portions of the alveolar 
process, — I need not add that the mouth of a middle-aged Iban 
IS ansrthing but attractive 

** The brass plugs can be inserted or removed at will When a 
young Iban lad whom I took with me as a servant to Singapore and 
Slam, noticed that the people m the streets stared at his bestudded 
teeth, he at once removed the brass studs and kept them carefully 
looked up in his pnvale box “ It seems unlikely, in view of the 
description by Gomes and the condition of the teeth described in 
this article, that the plugs could always be removed at will 

Alfred M&ass, m his two-volume work on central Sumatra, testi¬ 
fies that this cunous custom also existed recently m that island In 
describing a trip down one of the nvers he says “It being successfully 
accomplished, ihe captain’s features lit up, and between his reddish 

P 107 
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brown lips fiaahed his teeth, decorated with small gold plugs Gold¬ 
smiths from Fort de Kook, who travel through the country, fashion 
such embellishments for one rupee (i e , one gulden or I 69 marks) ” “ 
Later, while disoussmg the customs of the mountain people of the 
town of Taluk, on the Kuantan river in central Sumatra, he adds 
'^Many people, as we know, have a partiahty for decorating their 
front teeth with small plates of metal For this purpose dentists bore 
small holes in the teeth, which are filled with gold, copper or brass 
wire Still other people who believe they have teeth which are too 
long, have them sawed off, and filed with coarse and fine grained 
stones until a hole results, which is then also filled as desciibed above 
Teeth treated m this manner serve as adornment ^ But the 
custom does not seem to bo widespread, for later, In descnbing the 
people of the upper Kampar valley, which is adjacent to that of the 
Kuantan, he does not mention this type of decoration 

Although the custom of inserting plugs of metal in the teeth 
may not have been practiced by some of the Malay groups, it is 
evident, from its occurrence in Sumatra, Borneo, and the Philip¬ 
pines, that it was generally known throughout the Malaysian islands 
Von Ihermg, in his monograph on the artificial deformation of teeth, 
refers to this custom in his lu^ment against the indigenous char¬ 
acter of tooth filmg among the Malays He writes *‘It may be 
possible that this custom of pointing [the teeth], which I have found 
among the Papuans and Negritos, was originally foreign to the 
Malayan elements, although as yet no sufficiently exact reports are 
in hand That the usual deformation of the teeth now fou^ in the 
Malayan area was not originally common to all the Malays Is shown, 
in addition to the narrow limiting of Uie r^ief filing with pointing 
to some of the Sunda Islands, and the recurrence of the pomting 
among the Negritos of the Philippines, by the fact that ano^er very 
peculiar custom, which is now known only from Borneo and the 
Celebes, was formerly m use in the Philippmes, by which it is known 
that they were in former times the habitat the now almost ex- 
t^minated Negritos. It is the custom of boring a hole in the front ci 
the inmsans, and filling this with metal, gold whenever possible 
The use of gold as decoration for the teeth oocurs moreov^ also in 
Sumatra, where dental crowns were made of sheet gold ^ 

The custom of mutilating teeth for purposes of adornment Is 

X ISO «» P 373 « P 2X7 
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not confined to Malaysia A vanety of fonns of tooth filing occur m 
many parte of the world In New Guinea the natives file the teeth 
to pomte In central Africa this method of filmg is accompanied by 
other forma At least two forms of tooth filing existed m Mexico, 
Central America, and vanous parts of South America “ But the 
custom of inlaymg teeth, as described in this paper, is by no means 
so wide ui its distribution The only part of the world outside 
Malaysia in which it occurs is m southern Mexico, northern Central 
Amenca, and northwestern South America (Ecuador) In these 
regions the drilled holes were often of larger diameter than those here 
described, and in addition to gold the Indians also used polished stones 
and ores as material for the plugs 

The large University of Michigan collection of teeth from the 
Philippines bearing gold disks or holes for their insertion warrants a 
detailed technical examination of the specimens in order to deter* 
mme (1) the variability of the methods used in carrying out the op* 
erative procedures preliminary to the actual insertion of the disks, 
(2) the exact method of attachment, (3) the character of the metal 
used, (4) the shape in which the metal was available, (6) the reason 
for the stains, (6) the effects which such mutilation may have had 
upon the teeth themselves, the underlying pulps, and the surround¬ 
ing soft tissues and bone, and, finally (7) the efifeot of diet and the 
presence or absence of any methods of oral hygiene 

In Plate 111 a photograph of each tooth from the labial aspect 
la shown In Plate IV an X-ray from the memo-distal aspect is 
shown The teeth are arranged in the same order m both figures, 
starting with one at the upper left A few examples among these of 
conditions bearmg on the (luestions raised will be discussed 

Tables I and II contain a summary of the conditions and char¬ 
acters observed on each tooth In order to avoid undue repetition 
it may be said that with but one or two exceptions all the teeth are 
Stain^ a light brown, presumably from the chewing of betel nuts 
The form of the anterior teeth is one which for the most part carries 
strong marginal ridges on the Ungual surface, creating a modified 

^ Bens Van R^tpen, d Bene van Hippen, 6 

^ H B BeviUe, Bene van Bippen, a and c /b$d 

^ The author ie indebted to L F Ritterehofer, D D S« of the Graduate 
Bohool of the University of Miehinm, for the detailed observations and measure 
meotft recorded in die tshUe He also prepared the descriptive text and the 
seoompanyingfimrea 
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shovel effect Coocretioi^, mostly of the salivaiy type^ are traceable 
in almost every case More or less severe abrasion of the ocdusal 
surface of the teeth la nearly always present 

Numbers 3, 18, 24, and 39 illustrate the vanous types of 

designs found These vary from a tooth havmg a angle hole to one 
with five, SIX, or seven chsks, sometimes arranged in a triangular 
pattern Numbera 4 and 11 illustrate the two types of plate patterns 
found One is cut in the shape of a four-leaf clover, the other is 
simply an irregular thin plate of gold 

Plates 111 and IV illustrate a number of conditions which are 
found frequently For example, the first tooth on the upper left 
(No 1), an upper central incisor, shows the charactenstie dlstnbution 
of stain as it occurs m many of these teeth, the labial surface is 
quite free from stam for perhaps three miUimetera from the oemento* 
enamel junction This condition would indicate that a marked 
marginal gingivitis had existed previous to the staining of the teeth 
In this tooth only one of the six holes contains a metal disk, which 
in this case is semicircular The X-ray of this tooth m Plate II 
(No 1} indicates that the base of the disk barely rests m the dentine 
and that the pulp apparently had undergone considerable recession 
through the formation of the secondary dentine 

Number 2 is a canine tooth To judge from the extremely heavy 
deposits which extend apically below the cemento-enamel Junction, 
considerable recession of the gums must have occurred Botli the 
X-ray and the photograph show the extreme abrasion of the occlusal 
surface 

Number 3 is also an incisor and illustrates a condition that u con¬ 
sistently present, namely, the hole is round and has a round base In 
this particular case it is a near-pulp exposure (see Pi IV) The 
dlstnbution of the stain here indicates that a marked marginal gln^ 
givitis existed 

Number 4 is an upper left canine, the entire labial surface of whio^ 
is covered by a thin of gold measuring but 015 mm in ^loknewu 
Upon removal this sheet or plate showed no evidence of cementation, 
but the under surface was found to be in the form of a short gc^d tube, 
broken open at the palpal end and apparently formed by punching a 
small gold rod into the plate diieetly over the hole The split open 
end of the tube indicates this method at attachment The h^ial sui^ 
face was smoothed d! and highly polidied 
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Number 8 is an incisor illustrating a condition typical of many 
Ilie primitive operator drilled throu^ the enamel and dentine and 
into the pulp The X-ray in Plate IV indicates this condition very 
clearly The slight flange on the labial side of the disk shows that it 
had been hammered into the hole This tooth is a striking illustra¬ 
tion of decorative JUtng Both the mesial and the distal comers are 
filed, giving the crown a V-shaped appearance Numbers 16,23, and 
42 show crowns also filed V-shaped 

Number 9 is a lateral incisor with a variation m foim that is 
commonly known today as a ^^peg lateral ” The contact points on 
this tooth are excessively worn, by long hard usage m mastication 

Numbw 11 IS an incisor tooth covered by one of the four-leaf pat¬ 
terns of gold plate The plate In this case is much thicker (0 33 mm) 
than the one on number 4, and was secured by the same method, 
except that the hole was earned completely through the pulp chamber 
and ends in the opposite wall (see PI IV), probably not a painless 
operation The great sise of the pulp in^oates early death of the 
tissue 

Number 15 shows another probable example of gingivitis, the 
stain being high off the cemento-enamel junction The incisor edge 
IS so severely abraded that the wear has opened up two of the decora¬ 
tive holes from the occlusal 

Number 16, an incisor with the crown filed V-shaped, has a 
single large hole winch, though seen indistinctly on the X-ray in 
Plate IV, penetrated the pulp chamber The root apex shows con- 
«4derable bsrperoementosis A marked hypercementosia may also be 
observed on the apices of numbers 23,29, and 36 

Number 18 is an incisor illustrating some apical absorption and 
hypercementosia. It has three labial holes, which are shallow and 
hold no gold In this particular example, the pulp chamber had been 
opened from the lingual surface by a large hole One is inclined to 
speculate whether the hole might have served to drain m abscess 
could have been the case inasmuch as the conditions Indicate 
the presence of infection and the location of the hole oonUaindicates 
any decorative purpose 

NmbenH 5, S, 11,16, and 23 In Plate IV are teeth in which the 
pii4^ chtounbiv waa penetrated by the decorative hole In number 23 
the iarge sise of the pulp and the small, little-wom contact points 
Would tndtcaite that the tooth was yet young when lost by infection 
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Number 24 is a camne showing a very deeply filed labial surface 
holding seven irregular round gold disks which rest just within the 
dentine This illustrates ideal conditions for retention 

Number 36 is an mcisor showing absorption of the root apex, 
hyperoementosis, and a large pulp, conditions indicating infection 
and an early loss of the tooth 

Number 37 is a canine holding a plate attached as previously 
described The only new condition here is that the plate has been so 
deeply polished that the outlines of the pins are exposed The location 
of the contact points in this tooth is such that some irregularity of 
tooth arrangement is indicated 

It should be noted in Plate IV that severe abrasion of the Incisal 
edge 15 the rule 

Spectroscopic analysis of these disks demonstrated the presence 
of gold, Sliver, and copper One disk from number 8 and two from 
number 43 were used in making this analysis The color and a 
specific gravity of about 15 indicates a preponderance of gold 

Irom such a detailed examination of each specimen it may be 
concluded that the holes, although varying from 1 to 2 3 mm in 
diameter, were dnllcd by some cylmdnoal instrument with a round 
end or base, that it was purely by chance that the operator stopped 
short of the pulp in any instance The great vanety m the shape and 
sise of the disks is no doubt accounted for by the fact that they were 
used more or less as found in nature and were not subjected to any 
preparation beyond the possible selection of one of approximate siae 
To judge from the flanges on the labial sides of the disk and the 
absence of anything indicating an auxiliary attachment other than % 
mechanical one, it may be assumed that the disks were simply ham¬ 
mered into the holes Retention in many cases was made doubly 
easy because the hole w as larger at the base than at the surface The 
locations of concretions point to a gingival recession in at least 20 
per cent of the teeth The distnbution of stains indicates a marginal 
gingivitis m at least 70 per cent Many of the pulps have 
exposed dunng tlie operation of drilling the holes Fur^iermore, 
there m evidence that suppuration existed in a number of mstanees. 
The extreme wear of the moisal edges and contact points unpiies 
excessive movement^ probably associated with the chewing of ^tel 

This analysis was made by Dr John H Manley, of the Department of 
Physics, Univemty of Michigan 
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nut and of harsh and gntty food The presence of salivary deposits 
on all surfaces of the teeth suggests that this chewing was the total 
extent of any oral hygiene practiced One tooth (number 37) il¬ 
lustrates a malocclusion of the anterior teeth Number 9 shows the 
presence of a common variation in form Numbers and 22 
indicate the presence of pyorrhetic conditions accompanied, in 
number 2, by severe alveolar absorption Despite the fact that 
not a smgle instance of canes was found m this collection, other 
pathological conditions present indicate that those people lost their 
decorated teeth early 

The evidence presented demonstrates that those inlaid decorative 
disks were attached by a method which in practice was a partial 
combination of the modern gold-foil filling and the cast-mlay methods 
There is nothing to indicate that these disks and plates wore for any 
other purpose than decoration, inasmuch as no disk occurs where it 
could not be seen, and in the total absence of canes no need for re¬ 
storative measures could have existed 

UNrviBsmr of Michioan 


BIBLIOGRAPHY 

Blair, Emua Hrlbn, and Robirtaon, T A, The Pb»Iippine IdandB U93-1898 
66 vola Cleveland, 1903-9 

Bobadilla, Fathbr Dxboo db, Relation of the Filipinaa Islands Blair and 

Robertson, 29 277-311 

ChiriRO, Fathrr Prdro, Relation of the Fdipmaa Islands and of What Has 
There Been Accomplished by the Fathers of the Society of Jesus 
Rome, 1604 BUir and Robertson, 12 169-321, 13 27-217 

Copy of a letter (author unknown) sent from Seville to Miguel Salvador of 
Valencia Barcelona, 1566 Blair and Robertson, 2 220-231 

Oavib, JoaRpR Barnard, Thesaurus Crsniorum, Catalogue of the Skulls of the 
VaHous Races of Man, m the Golleotion of J B Davts London, 1807 

Furhrss, William Hbnry, 3rd, The Homo-Life of Borneo Headhunters Phila- 
ddpMa, 1902 

Qomrs, Bdwxn H , Seventeen Years among the Sea pyaks of Borneo London, 
1911 

a, Hbrmann von, Die kUnstUehe Peformirung der Zfthne Zoitsohrifi 
for Ethnologie, 14(1882) 313-262 

Maass, ALfRSD, Duroh Central-Sumatra 2 vote Berlin, 1910 



22 Carl E Guthe 

MoRQAf Doctor Antonio oB| Events m the Filipinns Islands Mexico, 1609 
Blair and Robertson, 16 26-287, 16 25-209 

PiOAFBTTA, Antonio, First Voyage around the World Blair and Robertson, 
68 26-267, 34 38-147 

RfppBN, Bbnb van, (o) Pre-Columbian Operative Dentistry of the Indians of 
Middle and South America The Dental Cosmos, 59 (1917) 861-873 

- (6) Practices and Customs of the African Natives Involving Dental Pro¬ 
cedures Joum Allied Dental Societies, 13 (1918) 1-22 

- (c) Mutilations and Decorations of Teeth among the Indians of North, 

Central and South America Ibid , 219-242 

- (d) Dental Procedures among the Natives of Australasia, Melanesia, 

Polynesia, and Micronesia Ibul , 366-387 

Roth, Hrnrt I ino, The Natives of Sarawak and British North Borneo 2 voU 
New York, 1896 

San Antonio, Juan Francisco dk, The Native Peoples ami Thoir Customs 
(Being an Abstract from His Cromcae^ Manila 1738-44, vo) 1, pp 129- 
172) Blair and Robertson, 40 296-373 

Savilub, Marshai^l H , Precolumbian Decoration of the Teeth in Ecuador, with 
Some Account of the Occurrence of the Custom m Other Parts of North 
and South America Am Anthropol, 15 (1913) 377-394 




..♦1 



IM \1I I\ 



rcetii niiml)PiO(i fiorn lift ttip rnw 1 7 '*tiontl mu S 10 

thiiH ]ou 17 25 fouitli row 2f> 14 IhhI lou Vt H 




A CHIPPEWA METHOD OF MANUFACTURING 
WOODEN BROOMS 

VOLNEY H JONt^ 

A lthough many objocta of the matenal culture of the Indians 
. of the Kaatern Wotxilands have been satisfactorily described 
and recorded, others, for no apparent reason, have been largely 
neglected One mterestmg utenail i\hich has had a wide distnbu- 
tion and use, and yet has attracted little attention from ethnologists, 
IS the wooden broom 

As the Homeopathic Hospital Guild Scholar m Michigan Kth- 
Dology of the Graduate School of the University of Michigan, I was 
engaged for a few weeks during the summer of 1933 in a study of 
the uses of plant materials by the Chippewa Indians of several 
communities m Michigan and two reservations m Canada Dili¬ 
gent inquiry revealed that wooden brooms are now made at only 
one of the commumties visited, and there only occasionally Some 
individuals in other commumties haii seen such brooms or knew of 
them, but the technique of making them had not been known or 
had been lost 

At the Walpole Island Reservation in Ontario a wooden broom 
was seen for sale along with splint basketry and other products of 
local Indian handwork in a store operated by Indians It had been 
completed only a short time previously by an Indian who claimed 
to be over seventy years of age He stated that this was the only 
broom which he had made recently, although he had formerly made 
others on occasion He refused to undertake another, explaimng 
that the labor involved had proved too strenuous for one of his 
age A younger Indian, Levi Sturgeon, was said to be the only 
other man on the reservation able to demonstrate the method He 
was engaged to do so 

Shagbark hickory {Carya ovata (Mill) K Koch) was the matenal 
used, although many kinds of wood were available Hickory is 
always employed for this purpose since it is tough, durable, and well 

33 
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adapted to splitting in the manner desired A smooth young tree 
was selected and cut A section of the trunk wtis taken and, after 
the bark was peeled from it, the biuse was sfiimred evenly with an 
axe The log, now read> to bo made into a broran, was four feet 
long, three and one-half inches in diameter at the base, and two and 
three-fourths at the top 

bturgeon seated himself on a packing box m the shade of a tree 
and b<gan work J he log w is hold \erticall>, biusi upward, between 
his knees, a knife was used with the light hand, the left rcmainmg 
free The knife was of a type which has been reported as formerly 
having been made and used generally by the Imlians of the eastern 
region Ihe curved blade was made of a file worked dowm to a very 
sharp edge 

The knife blade was inserted under a thin strip of the wood about 
one-third of an inch wide and about onc-sixteeuth of an inch thick 
The loosened cud was pulled out a short distance l>etween the knife 
blade and the thumb After being started with the knife it was 
grasped with the left hand and stripped free from the log for about 
fourteen inches The splitting followed the gram of the wood As 
the stnps were peeled down iti this manner they were held against 
the log and out of I he way w ith the knees fhib process was repeated 
around the log, which was turned ts the work progressetl 

Plate V gives a senes of small models which I prepared to illustrate 
the vanouB steps m the manufacture of a womlen broom higuro A 
shows a stick on which work as desenbod above has just begun 

After too many stnps to be held conveniently between the knees 
had been pulled dowm, work waa stopped and the strips were beaten 
against the log witli the side of a hammer The peeling of the stnps 
was then resumed and continued until the diameter of the end of 
the log had been roducetl to one and one-half inches All the strips 
were then beaten into place as before and bound with a piece of 
hickory bark The broom was then at the stage shown in Plate V, 
Figure B The end of the log wm sawed off with a carpenter’s 
crosscut saw close to the base of the stnps, as seen in Plate V, I igure C 

After the stnps had been released, turned back into their original 
position, pounded vigorously, and bound into place (PI V, Fig D), 
the log waa inverted A piece of hickory bark was then tied around 
it approximately an inch above the base of the stnps From this 
piece of bark a rough measurement of the length of the stnps was 
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taken up the log About three mchts abo\ e the section thus measured 
a mark was made around the log with the knife Stnps were pulled 
down from the mark to the piect of bark, which acted as a stop 
(PI V, Hg h) 

The process of peeling the strips here was just as described except 
that the cut was made into the side of the log rather than mto the 
end After the strips had lieen fK^eled to the depth of one inch, the 
binding was removed from the mnei strips The outoi strips were 
beaten firmly against the inner ones, and a temporary binding was 
applied to hold all in place (PI Iig F) By means of a handaxo 
and the knife the ends of all the stniis were trimmed until they were 
made even 

The handle was then trimmed to a uniform diameter of one and 
one-eighth inches Dunng this operation the broom was held in a 
foot-operated vice known as a ^'shaving horse," a contrivance usfd 
by white men in colonial times and taken over by the Indians It 
is admirably suited to the w<M>dwork of the Chippewa, one may be 
seen in the yard of almost every house on Ihe Walfwle Reservation 
A carpenter’s drawing knife was used for trimming the handle, after 
which the handle was smootlu d with glass from a bioKen wimlowpane 

Tlic broom was next hung in the sun to dr\ and left for twenty- 
four hours In drying the handle split badly Sturgeon explaimd 
that this would not have occurred had the wood been dampened 
occasionally After drying the temporary binding veas lemoved an<l 
the strips were ripped more finely with the sharpened handk of a 
file Pennanent bmdmgs of black ash splint were improvised from 
discarded basket splints and carefully put in place, thus completing 
the broom This broom (Museum of Anthroixilogy, University of 
Michigan, catalog number 13989) is shown m Plate VI, higure 1 
It was much more carefully made than one for Sturgeon’s own use 
would have been Such operations as smoothing the handle and 
putting on the binding of ash splints rather than wire or heavy cold 
would not ordinarily havt been done The entire job — Sturgeon 
is very adept at woodwork — required about five liours 

According to Sturgeon, the tradition is that such brooms formerly 
were used in sweeping the dirt floors of the bark houses Skinner 
(4, p 301) reports a similar use of them by the Menommi of Wis¬ 
consin Sturgeon added that m more recent times there had been a 
ready sale for them to meat dealers when the custom of putting 
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sawdust on the floors of meat markets was m vogue, but that there 
IS practically no sale for them at present It was observed that the 
broom made by the old man, although quite reasonably pnoed, re¬ 
mained unsold throughout the tourist season, while the sale of sphnt 
basketry and various kmckknacks was fairly rapid These brooms 
were not seen in use by the Indians, the labor required to make one 
IS great and their coarseness fits them only for rough work, as in 
the yards Discarded commercial straw brooms were commonly em¬ 
ployed by them for such purposes 

In the Museum of Anthropology of the University of Michigan 
there is a broom of this same type (PI VI, Fig 2), which was collected 
at the Walpole Reservation m 1904 by M R Hamngton It was 
made in essentially the manner desenbed above, but not so carefully 
It, also, IS of hickory, probably of the same species chosen for the 
broom here described It shows signs of hard usage Reports are 
that such brooms were formerly quite common on the Walpole 
Reservation, but those mentioned above were the only ones I saw 
in several days spent there 

Although it IS not the primary purpose to trace hero the ongin 
and the distnbution of wooden brooms or to desenbe the manufac¬ 
ture of them elsewhere, it may be of mterest to call attention to a 
few references known to me and to give some unpublished data 
receh cd m correspondence 

Through the kindness of Professor Frank G Speck of the Uni¬ 
versity of Pennsylvania a small wooden brush was procured recently 
from Harold Tantaquidgeon, a Mohegan Indian living at Mohegan 
Hill Community, Norwich, Connecticut This brush, which shows 
only minor differences in technique from that desenbed above, is 
nine and one-half inches long It was made of a witch-hasel stick 
one and one-eighth inches in diameter Mr Tantaquidgeon states 
(correspondence, March 5, 1934) that he and his father are the only 
members of the Mohegan group who now manufacture brooms and 
brushes in this manner, and that they seldom do so, since the process 
IS tedious The tool used by them is an ordinary pocket knife 
Another type of broom, preferred by the Mohegan to the wooden 
broom, since it is easier to make, is fashioned ‘'by binding twigs 
of black birch on a handle of suitable length Such a broom is 
^'very simple to make and is very useful for sweepmg around the 
yard or in the bam ” 
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The references to wooden brooms in the literature known to me 
are not numerous, and most of them are not very full Lach is 
treated briefly in the following paragraphs 

Speck (6, p 189) descnbes the manufacture of brooms by the 
Mohegan and Niantic Indians of New England ‘^Brooms and smaller 
scrubbing brushes were made of birch sticks They varied much 
in 8i»e> according to their intended use In making them, the end 
of the stick was frayed and strips of the fil)er split down, then turned 
backwards, gathered m a bunch, and bound U)gether with cord ” 

Beauchamp (1, p 169) thus speaks of the nuthod employed by 
the New York Indians in 1905 “The splint broom w still made and 
finds ready sale m Syracuse A tnangular piece of ash is taken, long 
enough for broom and handle, and the broad end is splintered m the 
usual way, as shown in figure 42 [Figures 42, 43, imi 44 of Beau¬ 
champ’s Plate 9 are here reproduced as Figures A, B, and (', res(>ec- 
tively, of Plate VII, Figure 1 ] When this is done, a groove is cut 
around the stick, leaving a space between rather longer than the 
sphntered part This portion is also finely splintered from abov c and 
turned back, meeting the ends of the first division as m hgure 41 
The whole is then stitched with bark thread, and the handle is shaveil 
down as in figure 44 ” 

Skinner (4, p 301) descnbes the manufacture by the Menommi 
of Wisconsin as follows ‘‘A broom of cedar is of a type formerly 
used to clean out the lodges A thick, cylmdncal post about four 
feet long is taken and, except for about a foot at one end, is trimmed 
down to make a slender handle The club end is then spht into fine 
slivers These, bent backward and outward, form the brush, which 
IS secured by a tight belt of bark ” Plato 82, opposite page 314 of 
his publication, illustrating a Menomini broom, is reproduced as 
Plate VII, Figure 2 The edmilanty between it and the one collected 
by Hamngton at Walpole m 1904 (PI VI, Fig 2) will be noted It 
seems very strange that Hoffman (3) m hie paper on the Menommi 
of Wisconsin, published in 1896, although treating material culture 
rather exhaustively, did not mention wooden brooms, and that 
Huron Smith (6) in his ethnobotany of these same Indians, pub¬ 
lished only two years later than the work by Skinner, also has nothing 
to say of brooms Whether such brooms were in use for only a short 
time among the Menommi, or whether they were overlooked or 
ignored by Hoffman and Smith, is a matter of conjecture 
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Hamngton (2) reconstructs the culture of a Shuinccock village 
site on I ong Tsland by evidence from excav ation, history, and living 
remnants of the tribe Among the articles possessed by these people 
at the time that the field work was done (1902) and said by the author 
to be of “native style” are brushes and brooms (p 258) “Service¬ 
able brushes for cleaning pots were made by sphtting the end of a 
white oak stick into small splints and large brooms were made 
in the same style ” His illustration (Kig 19D, opposite p 254) 
18 here reproduced as Plate Vll, higure 3 As may be seen, it is 
different from the Chippewa broom and from other brooms and 
brushes discussed above in that the tntl of the stuk is split, but no 
strips are turned down from above 

Professor Speck (correspcjndcncc, 1‘ebruary 15 and 28, 1934) 
has listed for me the localities in which he has seen wooden brooms 
According to him, they weie made by the Scatticook near Kent, 
Connecticut, until 1900 Ollier jwoples by whom he has seen brooms 
eithc 1 being made or l>eing used are C ayiiga of Onind Eiv er Reserva¬ 
tion, Ontario, Wampemoag of Cafie Cixl, Massachusetts (made of 
witch-hazel), Algonquin of Maniwaki, Quebec, and Munsee of 
Ontario 

In the museum of the Kansas Slate Teachers College at Pittsburg, 
Kansas, there is a wooden broom said U) have been used In colonial 
times for mopping the floors of houses According to information 
received indirectly from Dean Ct W Trout, head of the Department 
of History of that college, through correspondence with Miss Lula 
McPherson (March 6, 1934), this briwan was brought from IVest 
Virginia to the Northwest lerntory by white settlers before 1787 
It IS in no way associated with Indiana 

It IS surprising that no reference to wooden brooms is to be found 
m RU(h likely places as the Jesuit Relatione, Frances Densmore’s 
Ubes of Plants by the Chtppewa, C C Willoughby’s Houses and 
Gardens of the New England Indians, and Huron Smith’s papers on 
the ethnobotany of the 0;ibwe, Meskwaki, and Forest Pottawa¬ 
tomie 

The evidence given above, although admittedly scant, Indicates 
a distribution of wooden brooms among the Algonkian peoples of 
New England and the Groat Lakes region, and among the Iroquoian 
pe<iplea of New York and Ontario The dcstribution coincides 
roughly with that of wood-splmt basketry Much more evidence 
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would doubtless be gained by a sur\ey of specimens ’fthicb may be 
m vanous museums 

Although no dm ct evidence is a\ ailable to justify such an opinion, 
the temptation is to attribute ihe invention of the ivoodcn broom to 
the Iroquois and to assume its diffusion from them to the Algoukian 
— which IS the history of many traits But it will l>c noticed that 
all the ethnological evidence given above has been gathered since 
1000 In the early historical works of the eastern rtginn which I 
examined no mention of wooden brooms was found Beauchamp 
(1, p 158) offers interesting historical and linguistic evidence to 
establiBh the early use of brcKims and the practice of sweeping among 
the Onondaga, Iroquois, and Mohawk The references, howev er, do 
not nectsaanly apply to wooden brooms, and on this same page, 
although he speaks of the wood* n broom as “early," he also mentions 
a brush broom The only place in w Inch he seems necessarily to mean 
the wooden broom w that in which he tells of the gathenng of wotid 
for brooms and baskets" by the Moravian Indians on the Susque¬ 
hanna in 1762 Bven that early date would leave ample time for 
the trait to have btH'n acquired from the white colonists It has also 
been noted that the broom in the museum at Pittsburg, Kansas, is 
not associated with Indians These facts bung up the question 
wliether or not the wooden broom may be of Kuropean rather than 
of Indian origin hince most of the writers quoted imply or leave 
the unpre^sHion that it is an Indian invention, it is desirable that its 
origin be determined This, howev er, aw aits archaeological evidence, 
additional historical and ethnological evidence, or an examination 
of the material culture of Kurope m colonial times There can be 
no doubt that brooms and sweeping were of prt-( olumbian ongm 
m Arnenca, as various types, obviously of Indian invention have 
been reported from many sections of North Arnenca It is only 
the origin of this particular type which is being questioned 

It IH neither expected nor hoped that this papier has disposed of 
the subject of wooden brooms, but it has at least raised the ques¬ 
tion of their origin, distribution, and types This descnption of 
the method of manufactuie in one community may offer a basis 
for comparison of their manufacture in others As the art of manu¬ 
facture of wooden brooms seems rapidly being lost, such studios, if 
made, must be undertaken soon 

Univkbsitt of Michigan 
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SCLEROSED TYLOSES OF ELATERIO- 
SPEHMUM TAPOS BL ♦ 

ROBFRT A COCKRELL 

W HILE the author was making an anatomical study of the 
wood of Elatenospermum Tapoa B1 (Euphorbiaceao) a sample 
was sectioned which was unusual m its thickened tyloses Samples 
from three trees were examined, two of which contained only a few 
thin-walled tyloses 

Prior to sectioning, the wood was subjected to the usual treat¬ 
ment, namely, boiling m water and immersion in hydrofluoric acid 
The sections were stained with haematoxylon and mounted m C anada 
balsam 

The sclerosed tyloses were tightly packed in the vessels (see PI 
VllI, Figs 1-3) and were conspicuously irregular in size and shape 
The walls varied m thickness from 10 to 35 microns and possessed a 
striated structure evident at high magnification and further empha¬ 
sized by the separation of portions of the tylosis wall along the plane 
of the striations The walls possessed canal-hko raraiform pitting, 
the pits ranged from less than 1 micron to about 3 microns m diam¬ 
eter, with the larger diameter usually toward the inside of the tylosis 
The branching systems of pits extended outward from the cavity of 
the tylosis and connected with pits in the vessel wall or with similar 
ramiform pits m adjoining tyloses 

The layer between contiguous tyloses (middle lamella) took a very 
dark stain with haematoxylon, the remainder of the wall was only 
slightly darkened This would seem to mdicate a marked similarity 
to ordinary cell walls, in which the middle lamella likewise takes a 
deep stain and the secondary wall is only slightly darkened 

The sample contaimng sclerosed tyloses differed from the other 
two samples in having extremely thick-walled parenchyma cells, 
but in aU other respects the anatomy of the three samples was practi¬ 
cally identical 

* OontiibutioD No 40 from the School of lorpstry and Conservation of the 
Univenity <rf MioHgan 
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Sclerosed tyloses similar in abundance to those occurring in 
E Tapos B1 ha\e been reported in Gymnacranihera pamculata (A 
Dr) Warb (Mynsticaceae) by G A Garratt {Tropical Woods, 
No 35 33 1933) Sporadic sclerosed tyloses hav e been observed in 
LigU'iirum gloimratum B1 (Oleacoae) and in Artocarpus Forbesit 
King (Moraceae) 

The sample containing the sclerosed tylosc was obtained from 
the Yale School of Fiirestry (\aie No 12660), to which it was 
supplied by the assistant forest rewarch officer of Kuala I>uinpur, 
hederaled Malay States The other two samples were furnished by 
the New York State College of forestry from JB A Krukoff^s first 
collection of Sumatran woods, Nos 207 and 243 

Univkrsity or Milhioan 
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THE WOOD ANAIOMY OF THE NORTH SUMA¬ 
TRAN “DJEROEK OETAN/^ A SUPPOSED 
NEW GENUS OF RUTACmE 
AT.LIED TO MURRAYA* 

ROBERl A COCKREIl. 

H l'UBARIlIM sptcumns and a wood sainpU of a supposed new 
guiua of th( Rutacf ae, subfamily Aurantioidi ao, m rt obtained 
by Mr B A Ivrukoff a& part of a botanical colh ction made in 19^2 
m Asahan, bast Coast of Sumatra Dr E D Mirnll, of the Ntw 
\ork Botanical (jirdcn, w withholding a technical desciiption ami 
the naming of Ihc tico m honor of the <ollcctor until th< receipt of 
more jK'rfcct material will cnabh its affinity to bo established with 
greater certainty Its trifoholate kaven and laigt^ apparently hard- 
or hrm-shclkd fruit distinguish it from other CMrus allies m the 
North Sumatran flora According to Mr KrukofT, the tree was 
about forty-five feet high and had a spiny trunk, but the smaller 
branches were without spines It bore the Malay namt *^djoiot,k 
octari/' which means “forest orange “ 

Gerieial features of uyood 

Pale yellow (heartwood not evident), slightly lustrous, heavy, 
very Imrd, curly-grained, very fine to fine m texture, without dis¬ 
tinctive odor or taste 

Gross structure 

Gr<mth nngs plainly visible to the naked eye, numerous (5-16 
to a cm), defined at the boundary by fine, pale yellow bands of 
terminal porenohyma 

Vessels barely v isible to the naked eye, rather sparse to moderately 
numerous, solitary or in short radial rows, evenly ciwtnbuted, very 

* Cctntribution No 41 from the School of Forestry and Coneervation of the 
Raivemity of Michl^ 
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amall to small, vessel lines quite pronounced, somewhat wavy, 
slightly darker than the background 

Parenchyma terminal (see under ‘^growth rings”) 

Raye barely visible to the naked eye, lighter-colored than the 
fibrous tissue, fairly numerous to numerous, fine, ray fleck low, 
inconspicuous, of the same color as the remaining tissue 

Minute anatomy (see PI IX) 

Growth rings plainly delimited by a l-T-senate band of terminal 
parenchyma and by rays which flare slightly where they cross the 
parenchyma band, cells of terminal parenchyma sometimes flattened 
in the tangential plane 

Vessels solitary, m radial rows of 2'-5, and less frequently m 
nests of 3 ~5, fl-13 to a square mm , oval to orbicular, the largest 
reaching 130 microns in diameter, vessel members 200-460 microns 
in length, bluntly caudate to truncate, walls 3-6 microns in thick¬ 
ness, perforations simple, horizontal to oblique, intervessel pit 
pairs numerous and crowded, polygonal to orbicular or oval, 3--6 
microns In diameter, bordered, with linear-elliptical, horizontally 
aligned apertures extending to edge of the pit chamber, frequently 
several afiertures horizontally confluent, pit pairs leading to rays 
and parenchyma abundant, many to each cell, orbicular to oval or 
less frequently oblong-oval to angled, 3-9 microns in diameter, 
semibordered, the border usually quite pronounced, tyloses not 
evident, yellowish brown gum plugs often at the perforations or 
rarely vessels completely filled with gummy infiltration 

Fibers tendmg to be radially aligned, fine, semilibrlform to hbri- 
form, angled (crossnaection), 12-20 microns in diameter, 400-1300 
microns in length, walls 4-6 microns m thickness, mterfiber pit 
pairs abundant, restricted to the radial walls, minute, simple, with 
short elliptical, steeply mclmed apertures, dark gummy infiltration 
scanty 

Parenchyma paratraoheal, terminal, and metatracheal, in cambi- 
fonn rows of 2-5 (mostly 4) cells along the gram, frequently these 
divided further into 2 to several compartments, each containing a 
solitary crystal, (a) paratracheal parenchyma fairly abundant, oom> 
ring as an interrupted unUeriate Imnd about the vessels or frequently 
as occasional cells contiguous to the vessels, the cells flattened and 
reaching 40 microns in diameter, (6) terminal parenchyma abundant, 
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forming l-T-senate continuous or infrequently interrupted bands 
which termmate the growth nogs, occasionally two of these bands 
confluent (discontinuous growth nngs), (c) mctatrachoal parenchyma 
relatively sparse, occurring as isolated cells scattered through the 
fibrous tissue or occasionally in short tangential bands similar in 
appearance to terminal parenchyma, cells of terminal and meta- 
traoheal parenchyma inserted in the radial rows of fillers and reach* 
ing 25 microns m diameter, walls about 2 microns in thickness, 
infiltration not evident 

Rays 6-13 to a mm, homogeneous, l''3-8enate and up to 45 
microns m width, reachmg 40 cells and 00 microns m height, composed 
entirely of procumbent cells, the cells frequently divided into two 
or m^e compartments, each containing a solitary crystal, traces of 
yellowish infiltration usually present, starch deposits not observed 

Maiertal — Krukoff^s second Sumatran Collection, No 4233, 
Soengei Masihi, Asahan, East Coast of Sumatra 

The wood resembles closely that of many other rutaceous genera, 
and the similanty to some of them is so great that it was very difficult 
or even impossible to find a basis for separation This fact is not 
surprising, for Janssonius (1908), in a study of eleven genera of the 
Hutaceae, pointed out that **The woods of all the species investigated 
differ only slightly from one another ” The following comparative 
study of “djoroek oetan'^ and several rutaceous genera was based 
on the wnter^s own anatomical descriptions of Mernllta caloxylon 
(Ridl) Swingle (Krukoff 308) and Mtcromelum pubescens B1 (Krukoff 
4369) and the published descriptions of Pearson and Brown for 
Evodia, Zanthoxylum, Murraya, Limonia, Atalantia, Feronia, Aegle, 
and Chloroxylon (1932), of Janssomus for Zanthoxylum, Ijunaaia, 
Aegle, Qlycosmis, Murraya, Micromelura, Acronychia, Clausena, 
Citrus, Feronia, and Evodia (1908), of Kanehu’a for Acronychia, 
Clausena, Evo^, Zanthoxylum, Fagara, and Murraya (1921), 
and of L^omte for Murraya, Feronia, and Acronychia (1925) Ex¬ 
cept for slight differences in texture it was not possible to find any 
reasonably constant basis for separation of “djeroek oetan” and 
Micromelum Murraya, Memlha, Atalantia Ae^e, Glyoosmis, and 
Limonta ocufissttna L differ from "d^eroek oetan” only m having 
lower rays (up to 22 ceils high) and m lacking crystals in the ray 
cells, in all other anatomical features they are practically identical 
Ltmoma andtsstma L has been renamed Feronta hmoma (L) Swmgle 
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and IS the only species in the genus In wood anatomy it differs 
appreciably from two species formerly included m the same genus 
[Feronia lucxda Soheff and F ele'phanium Correa), which have 
recently been remov ed to the genus Fcroniella Lunasia and Acrony- 
chia may be distinguished from “djeroik oetan” by the fact that 
their rays are m part heterogeneous Zanthoxylurn and Fagara 
come very close to “djeroek oetan*' but paratracheal parenchyma 
is essentially wanting m both, likewise m Cliloroxylon the para¬ 
tracheal parenchyma is more scanty, and the vessels arc more 
decidedly radially grouped Kvodia, Clausona, and Citrus are (luite 
distinct from all the foregoing genera in that they hav e more abun¬ 
dant paratracheal parenchyma and sometimts do not have the same 
clearly defined bands of metatrveheal parenchyma 

In the latest system of classification (Kngler, in Engler und 
Prantl, 1931) most of the genera whoso wood structure resembles 
that of '‘dioroek octan*^ are placei^l m the subfamily Aurantioideae 
On the basis of wood anatomy ^‘djcrock octan'^ would seem to 
b< long m this subfamily in the subtnl)e Hesperesthusmae, along 
with Microrncluin, Mornlha, Murraya, and Olycosmis 
Univkbhity of Michigan 
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THE DISTRIBUTION OF TUNC'US IN KANSAS* 


IR1 DFRICK J IIFRMANN 

T he flora of Kansas ik of moit than usual mtrnsl because of 
the situation of the slate at (he rneeiing poinl of the areas 
covered by our manuals of ihe weaiem, eastern^ and bouihern floras 
Rydberg^s and Nelson’s manuals co\er an aiei extending east to the 
western boundary of Kansas, the 1913 edition of Snmirs manual 
includes an area extending north to the southern bound ir> of the 
state, the seventh edition of Gray^s manual includes the eastern 
third of Kansas The entire state is Kuered only by f3ntton and 
Brown's manual, the western limit m whuh lomcidcs with the west¬ 
ern boundary of Kansas and the southern limit with the southern 
boundary, and bv Rydiierg'h Nora of tht Prnvus ami Plnmif It 
is to be expected, then, that extensions of rungi which bring addi¬ 
tional species within the area covoied by tlu two northeastern 
manuals will occur more frequ(ntl> in Kansas than in most other 
states 

A study of the Juncus material m the Kansas State Herbarium, 
which was generously loaned to (lu writer b> Dr I C Gates, has 
added three species and one vanet> to the areas included bv Gray's 
Next) Manual of Botany and the Flora of Britton and Brown 

These arc the sou them J valtdux Covillc, the western J baliiais 
Willd var won/un«s Engclm , J karmnu^ a hitht rto undcsenbed 
species most nearly allied to tht westtrn J hrachyphyUuH Wiegand, 
and the western J nco-nuxicanus \\ iegand 

The genus as a whole is nithcr poorly represented in Kansas 
In the State Herbarium there arc only 15 specie*^ as compared, for 
example, with 22 known from Michigan and 24 from Indiana If 
Kansas is compared with coastal states, where the group is naturally 
more highly developed, Us paucity of species is even more mailed, 
for California has 31 and New York 30 It is worthy of note that 

^ Papers from the Departim nt of Botany and the Herbarnun of the Uni¬ 
versity of Michigan, No 468 
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J hufoniun L, a species credited with a ubiquitous distnbution m 
North America by all our manuals, is apparently totally absent 
from Kansas, or at least must be of rare occurrence there The 
most abundant species, by far, m / Torreyt Coville, represented 
by 62 collections in the State Herbarium Next are J intenor 
Wiegand, represented by 38 collections, and J marginatus Rostk , 
represented by 17 collections f macer S h Gray, perhaps the 
most plentiful species tliroughout the eastern and most of the 
central states, is represented by only 6 sheets, all from the eastern 
border of the state 

Included m the State Herbanum material were three collections 
of a cntical species belonging to the trilocular senes of the section 
Poiophylh, which it seemed at first might prove to bo only a marked 
geographical vanety of J brachyphyllm Wiegand, but further study 
showed it to be also closely related to the eastern (chiefly of the 
coastal plain) J Greenei Oakes & Tuckerm and, also, to (lossess 
some affinity with the eastern J Bccundm Beauv , but to differ from 
all these so consistently in conservative morphological characters that 
it seems necessary to propose it as a new species, J kamanuB 

KFY TO JUNCUS IN KANSAS 

a Infloreflccnce apparently growing from the side of the culm (the in- 
volucral bract terete, erect, and appearing like a continuation of the 
culm), leaves reduced to bladele8<« sheaths 
b Stamens 3 opposite the w pals, inflorescence usually ample, green 
ish or atraw-colorod, rootstock short-enn ping with inconspicu¬ 
ous internodos, culms densely clustered fl / ejf»su« var sofWuj 

b Stamens 6, opposite the sepals and petals, infloioseence sparse, 
dark brown at matiuity, rootstocks long-creeping, with con¬ 
spicuous intemodes, culms usually well separated, arising in a 
single row 7 J haUxcii9 var tnotdannt 

a Inflorescence obviously terminal (or, if not, the involucral bracts flat 
or channeled along the upper side), leaves with a wtU-developcd 
blade 

b heaves flat, or in age mvolute, not septate 

c Flowers insert^ singly on the branches of the inflorescence 
(not in heads), each with a pair of braoteolu at the base in 
addition to the brai tlet at the base of the pedicel 
d Aunoles at the summit of the sheaths very thin, white and 
scarioua, conspicuously produced above the point of in¬ 
sertion (1”3 5 ram long) 1 J macer 

d Auricles cartilaginous, yellow, very rigid and gjossy, espe¬ 
cially the short produced portion, Inflorescence gener¬ 
ally compact and perianth widely spreading 2 J Dudleyt 
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<1 Auricle firm, often CA>rUlagu\ovu nUmg the eide below tho 
Buminit, the very slightly produced portion membra¬ 
naceous, firm but not ligid (easily broken), pale brown- 
inb, inflortwcenci generally loose 
c Capsule completely 3-cdl(<i 5 / Jfcorwaftu* 

e CapBule l-ceUed or imptrfectly 3-rcllcd, the septa 
extending about hal^^a 3 to Iht center (irescent- 
ahaped after dehiscence) 

f Perianth 3-4 mm long, erect or sUghtly apread- 

ing, equaling the capsule 3 J trUertor 

f Perianth 4 5 6 mm long, widely spreading ex¬ 
ceeding the c^paule 4 J nco-wirxtcanufl 

c Flowers m heads not bracteolate (le with only the bract at 
the base of the pedicel) 

d Stamcna exserted iii fruit, the o\ate, ahming capsule 
usually exceeding the p€>rlanth, hiads numerous (20- 
100), few (2-6-)flow4 nti 15 J amlufotus 

d Stamens not oxstited m fruit, the olwvatc, dud capsule 
shorter than the perianth, heads fewer (2-20), raany- 
(^ 10-) flowcrisi 

0 Petals ovate or oblong, blunt 14 J marginaiun 

e Petals lanceolate, anstato 14a J marsimim var 
b leaves terete, hollow provided with septa 
c Stamens 3, opposite the sepals 

d Capsule ta[>ermg ovtnly to the tip or subulate-beaked, 
distinctly ixccodmg the calyx 
e Heads numirous, 2-7 flowered, inflorescence very 

large and diffuse 11 J dxffususxmu^ 

e Heads few, dtnst ly many flowf red 

f Capsule with a true beak, the valves In de¬ 
hiscence united above by the beak, their mar¬ 
gins rcvolute, stamens as long as tho perianth 

9 / ««rpowf« 

f Cajwule without a true beak, tapenng eviuly to 
tho Up, the valvra m diblscenco flat and 
separating throughout, stamens about one 
half as long as the perianth 10 J t 

d Capsule obtuse or acute, about equaling or slightly ex¬ 
ceeding the calyx 

e Heads I 60, several- to many-flowered, perianth 
8-3 6 mm long 

f Capsule acute or acuminate 13 / ocumtnufus 

f Capsule obtuse or truncate, abruptly aploulate 

13a J Qcumtruitus ( ohlumtu$ 
e Heads 200- 500, few-flowered, perianth 2-2 5 mm 

long 12 J nodofus 

8 J Torr^j/t 


e Btamena 6 
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SECTION POIOPHVLU 

1 J MACER S F Gray, Kat Arr Bnt PI, 2 164 1821, Fmiald, 

Journ Bot, Die , lO'iO 

J tenuis of Gray’s Manual of Botany, S^evonth edition, and most 
American authors, not WilUl 

Fields and roadsides, occasionally open ^^oods C hufly north¬ 
eastern counties 

Atchison Go , A S IhUhcock^ Oct, 18% LrA\EN\\ouiH Co , 
0 L Clothier and H N Whitford^ Aug 1, 1897 W ^ andoiti- Co , 
Argentine, M 1891 Cherokh Co , Monnioiith, 1 A Jacobs 
59 Shawnee Co , Auburn, P Mans ^^^9 W abacnsef ( o , 
Wabaunsee, P A/nus 

J bufomus L , a small annual species with the inflorescence more 
than half of the height of the plant (that of the perennial J maccr 
leas than one third of the height e»f the plant), should bo looked for 
along muddy ditches, clay niadsides, ind dried ponds throughout 
the state 

2 J DunH'VI IViegand, Bull lorr Bot Club, 27 524 1900 
Open sandy or sterile soil Odurally a taluphile Chiffly m 

northern half of state 

Riley Co , Manhattan, B A keUeiman, Mt Prospect, F DaUy 
J B Norton 528 (in part) ( loud ( o , »S V Fraser 68 (m part) 
Saline Co , south of Iron Mound, J Hancui 15 Rooks (’'o , 
Rockport, E BartholomtWf June 1, 1890 ( omanche Co , A S 

Hitchcoikf Aug, 1896 rrtEoo Ce», Wa-Kodiey, M Reed, July 8, 
1892 Dfcatur (^o , a *8 Hitchcock, June 2, 1807 Shluidan Go , 
A S Hitchcock, June 21, 1897 

3 J INTERIOR Wiegind, Bull lorr Bot Club, 27 516 1900 
Prairi<*s and dry wexids Chiefly in eastern two thirds of state 
Linn Co, G L Clothier and H N Whtfoid, Aug 9, 1897 

Bourbon Co , G L Clothier and H N Whitfoid, Aug 11, 1897 
Crawford Co , Pittsburg, P A Rydberg and R Imler 17i, 174 (m 
part) Cherokee Co , A 8 Hitchcock, May, 1896 Labette Co , 
A 8 Hitchcock, Aug, 1896 Neosho Co , A S Hitchc^k, Aug, 
1896 Allen Co , A >8 IIilchto<k, S(pt, 1896 Andkhson Co, 
A S Hitchcock, July, 1896 Montgomery Co , road between Caney 
and Havana, P A Rydberg and R Imler 410 Wilson , Roper, 
W H Haller, June 4, 1895 Coffey Co , (r L Clothier and H N 
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Whtifordt Aug 31, 1897 Huawi^eeCo , lopika, B B tymyihy 1886, 
June, 1891, Aug 8, 1892 Jackson Co, St Mary’s, J li ^orton 
and G L Cloiher^ July 4, 1895 Bno^N ( o , Fair\JLW, B Silinner, 
June, 1888 Nfuama Co , (7 L Clotkur and H N miitfojd, Inly 27, 
1897 Marshall ( o , (7 L Clothier and ll N Whitford, July 25, 
1897 Rilfy Co , Manhattan, W A Af//^rmaa, July, 1886, J U 
NoHon 6^8 (in part) Morris Co , J^M Westgate, Aug 10, 1898 
Clay Co , ( lay CVntfr, C IVeber 22 Dickinson (0,48 Hitch- 
cockf lunc, 1896 Marion ( o , J B Aorlon, Aug , 1898 Hu'ILlu 
C o , White Water, A S Ihlthcocky July, 1892 C owirv Co , Win¬ 
field, J F 1888 Si DOWKK (M , Wichita, 4 CaiAion, 

May 20, 1892 I1 au\fy ( o , r/ L Clothier and 11 N ]\ hitfordy 
Aug 24, 1897 M( Phfrson ( o , McPhtrsori, TAW aughy June 12, 
1886 Salinl C o , Saline, J flanrin 2()J I incoln ( o , 4 *S If itch- 
cocky July, 1895 R.i-\o Co, luion, 4 *s Hitihcock, July, 1892 
Stafford Co , 4 jS 77? (cbm A, Sept 1,1897 Osborni- Co,(ov(rt, 
S J Neher 228 Rush ( o , 1 *S Hitchcock, Aug , WJ’] Ldwauds 
CM , 0 Ftmh /Oh Chlyknnp CM, A S lUiUuoik, h\\\\ 28, 1897 

4 J NLo-M> XTCANiTR VVitgand, Bull Furr Bot Club, 30 447 

1903 PiairuM 

Shawnee CM , dry soil noilh of Aubutn, C l/aas (distributed as 
J haUicus), July 1, 1927 Pk\ious 1> npoited, apparently, only 
from Anzona and New Mexico 

Immature specimens of J inttnoi, whu h have tht capsule sliorler 
than the perianth, should not bt confusid with this specie'^ 

5 J kansanus, sp nov 

Caules 2 5-5 5 dm alti, vahdi, ngidi, ertcli, diain 13 18 mm , 
feretes vel paulo comprcssi, alte sulcati, folia caule i uwpic ^ bre- 
viora, vagina laxa, pallida, inargmibus mernbramKCis, luncuhs 
parvis (0 66 mm longis), firmis membranaceisquc, lamina 6-10 
cm longa, 0 75-1 3 mm lata, crassissima, plana vel paulo involuta, 
mfioresccntia terminalis, plunfiora, brevis et densiuscula, rarnis 
adscendentibus, bracteae mfenores frondeset ntyos 1-10 cm longae, 
quara inflorescentia saltern mfima longiores, flores confciti, plenun- 
quo aliquantulurn secundi, viilgo ferruginoo-strummei (aliquando 
palhde vindi-fusci), sepala petalaque rigida, adst^ndentia, lanceo- 
lato-aubulata, margimbus latis scariosis, inaeiiualia, sepala 4-6 mm , 
pctala 3 5-6 mm longa (plerumque fere 1 mm sepalis brcviora), 
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starnma 6, pet alls dimidio breviora, filamentis quam anthens ob- 
longis dimidio brevionbus \el eaa fero aequantibua, fructus firmua, 
petala aequana, ovato-comeus, obtusatus vel truncato-emarginatuai 
latenbus ad basim convexis, supra planis, tnlocularis, scmina 0 55- 
0 6 mm longa, 0 2 mm lata, oblonga, plerumque paulo gibba, 
breviBsune oaudata, leviter reticulata —Specimen typicum, con- 
servatura m Herbano Collegii Manhattanensis, legit A S Hitchcock, 
Concordia, Cloud Co , Kansas, June 17, 1897 

Culms 2 6“5 6 dm high, stout, rigid, erect, 1 3-1 8 mrn wide, 
terete to slightly compressed, deeply grooved, leaves one fifth to 
one half of the length of the culm, sheaths loose and pale with 
membranaceous margms, their auricles slightly produced (0 66 mm), 
firm and membranaceous, blades 6 10 cm long, 0 76-1 3 mm wide, 
very thick and flat or somewhat involute, inflorescence terminal, 
many-flowered, short and rather compact, the branches ascending, 
bracts foliacoous, 1-10 cm long, at least one exceeding the inflo¬ 
rescence, flowers crowded, generally somewhat secund, usually deep 
stramineous (sometimes pale greenish broAvm), perianth ngid, as¬ 
cending, the firm, lance-subulate segments with broad scanous mar¬ 
gins, unequal, the seimis 4-6 mm , the petals 3 5-5 mm long (usually 
nearly 1 mm shorter than the sepals), stamens 6, half as long as the 
petals, the filaments half the length of the oblong anthers or nearly 
equaling them, capsule firm, equaling the pictals, ovateoomcal, obtusq 
or truncate-emargmate, completely three-celled, the valves convex 
near the base, flat above, seeds 0 55-0 6 mm long, 0 2 mm wide, 
oblong, generally somewhat gibbous, very shortly caudate, finely 
reticulate 

With J tniertor and J Dudkyt^ apparently on prairies 

ChovD Co, Concordia, A S Hitchcock, June 17, 1897 (dis¬ 
tributed as J tenuis, type), without locality, 8 V Fraser 6S (in 
part, most of the collection is J Dudleyt, distributed as J tenuu) 
Chautauqua Co , A S Hitchcock, Aug 8, 1896 (See note, p 47 ) 

Inhabits ^o/wanu« bears a close resemblance to / brachyphyUue, 
in Its capsule, a remarkable simllanty to J Oreenei It differs from 
J brachyphyllus m its ovate-comcal, rather than bluntly oblong, 
capsule, in its short, oongestod inflorescence, m its membranaceous 
auricles, which are much less prolonged than are the decidedly 
Boarious auncles of J brnchyphyUus, and m its narrower leaves 
(0 75-1 3 mm wide, in J brachyphyUue, 1 5-2 mm ) In .f broci^y- 
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phyUus Iho capsules arc generally largely concealed by the broad 
Hcarious margins of the appressed petals, whereas the more narrowly 
margined, merely ascending, petals of J kansanus leave the capsules 
plainly visible From J accundua it differs m its larger flowers and 
fruit (the perianth 5^ mm , rather than 2 5-36 mm long), in its 
much narrower and firmer capsule valves, m its longer and wider 
leaves, and m having the bract much longer than the inflorescence 
From J Greenet it differs in having the capsule shorter than the 
perianth, the penanth segments lanceolate-subulate rather than 
broadly ovate, the seeds with obsolete longitudinal nbs, and the 
leaves flat rather than terete 

J Vaaeyt Engelm and J confuaua Coville, both sj^eeKs with 
three-celled capsules, are to be sought in Kansas, the former along 
the northern border, the latter in the northwestern counties J 
Vaseyx may be known from any others m this subgenus by its \ ery 
long tailed seeds, capsule longer than the perianth and nearly terete 
leaves J con/uaua has a strongly retuse capsule and longer loaves 
less than 1 mm wide 

SECTION OENXJINI 

6 J EFFUStTs L var sotuTtrs Fernald & VViegand, Rhodora, 12 90 

1910 

Marshes and moist meadows 

Craw>ord Co , six miltj? southeast of Pittsburg, P A Rydberg 
and R Jmler 17^ This specimen approaches var Pylem (Laharpe) 
Fern & Wieg m having a slight tendency toward sulcate culms and 
in having occasional flowers m which the sepals exc<f d the penanth 
and capsule 

7 J BAtTicus Willd var MONrANusKngelm , Trans St Louis Acad 

Sci,2 441 1866 

Wet plains Chiefly southern counties in western half of state 

Rkko Co , a S Hitchcock, Aug 25,1897 Stafford Co , A 5 
Hitchcockf Sept 1, 1897 Gray Co , A Httchcockp Sopt 1, 1897 
Seward Co , Af A Carletm, Oct, 1892 Morton Co , A 8 Hitch- 
cock, Aug, 1896 Cheyenne Co , A iS Hitchcock, June 28, 1897 

SECTION BEPTATI 

8 J tobrbyi Coville, Bull Toir Bot Club, 22 303 1895 

Wet, open soil Throughout 



44 


Frederick J Hermann 


Wyandotte Co , /C K Mackenzie, June 27,1895 Johnson Co , 
O L Clothier and !! N V^htfard^ Aug 7, 1897 Miami , Paola, 
A S Hitchtock, Aug, 1892 I inn ( o , bt tween Ploasaufcou and 
Prescott, P A Rydbeig and R Imler 116 Bourbon Co , G L 
Clothier and fl N W hitford, Awff 11, 1897 LABEirh Co, Lalntte, 
G L Clothier and H N Whilford, Aug 18, 1897 Ni-osho ( o , 
A S /M/itorfc, Jul>, 18% ALLiNCo,A S Jul>, 1896 

ANDERaoN ('o , A S Hitihcock, July, 1896 tuANKiiN Co, A S 
Hitchcock, July, 1896 Douolas Co , Z D F Brmm, Aug 10, 1896 
Brown Co , G L Clothier and II N If hilford, July 29, 1897 Jack- 
son Co , St Mary^8, J B S Norton and G L Clothier, July 4, 1895 
Shawnfl Co , noithcast of Auburn, P Mann, luly 14, 20, 21, 1927, 
Topeka, E A Popenoe, June 29, ltS78 Osaoe (^o , Z D E Brown, 
fum 6, 1899 CoffFY Co G L Clothur and H N Whxtford, 
Aug 31, 1897 Wilson Co, lloptr, W U Haller, June 4, 1896 
Montcomtuy Co , fiv* milfs noitheast ot Canny, P A Rydberg and 
R Imler Grj- enwood Co , Eureka, A S Hitchcock, July, 1892 
PoTTAWATOMif Co, St 0( orgt, G L Clothier, Aug 3, 1895 Nt- 
HAMA Co , Tr L Cloihiet and H N M hitford, July 7,1897 RiLE'k Co , 
Manhattan, C H Thompeon, July 26,1892, Sand Lake, Manhattan, 
F C Gates 14076 Morris Co , J M Jiestgaie, Aug 10, 1898 
Cowibi Co, G L Clothier ami H N Whitford, Aug 22, 1897 
Sedowick Co , fr h Clothier and H N Whitford, Aug 24, 1897 
Sumner Co , Wellington, A S Hitchcock, July, 1892 Marion Go, 
J B Norton, \ug, 1898 Saiinf Co , Saline, A ff Jonu, May 4, 
1892, southwest of Falun, J Hancin 403, three miles south of Iron 
Mound, J Hancin, June 17, 1931 Ottawa Co , A S Hitchcock, 
July, 1895 C’lay (''o , Clay Center, C WehrSlH, 314 Cloud Co , 
S V hraserbS Washington Co , ^ L Clothier and H N Whitford, 
July 24, 1897 Republic Co , Scandia, D K Thomas, 1890 Jewel 
C o , Webber, J B S Norton, Sept 23, 1895 Mitchei l Co , Af A 
Carleton Kingman Co , A S Hitchcock, Aug 23, 1896 Harpi- a 
Co , A B Hitchcock, Aug 11, 1896 Barber Co , Medicine Lodge, 
A S Hitchcock, July, 1892 Pratt Co , A 8 Hitchcock, Aug, 1896 
OsBORNF Co , Portifl, B J Neher 293 Phih ips Co , 77 W Baker, 
Nov , 1899 Kiowa Co , A S Hitchcock, Aug, 1896 Comanche 
C o, A B Hitchcock, Aug 17, 1896 Ford Co, Dodge City, A B 
Hdchcock, July, 1892 Hodgeman Co , A i8 Hitchcock, Aug, 1896 
Trego Co , A #8 Hitchcock, July, 1896 Graham Co , A 8 Hitch-* 
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cock, June 6, 1897 Dfcatub Co , Jennings, B B Smyth 654 
Sheridan Co S June 21,1897, C Weber ^7^ Mfadf 

Co, -4 *S Ihkhcock, S(pt 1, 1897 brwAUD ( o, Cimirion River 
bottom along US 54, t V Oaten 1624^ ('hi-venni* Co , 1 S 
Hitchcock, Juiu 2S, 1897 

J nodosus L may bt looked for along the northern border of the 
state It H \ smaller, more slender plant than J Torreyi, differing 
from it ui hiving the jictals equaling or exceeding the sepals (m 
J Torrcyi the petals are clcarlv shoiter th in the sepals) and in ha\ mg 
a shorter perianth (3 4 mm long, in J lornyi 4-5 mm long) 

9 J auHPOiDi-b Lam , h nc>cl Moth Hot, J 267 1789 
W< t, sandy soil 

STArtoiiD Co , yl S Ihtchco(k,hc^i 1,1897 
J hrachyempun Kngclm , iihuh somewhat resembles this species 
but has spherical rather than heiuisphcriLal heads, sepals exceeding 
the petals, and the mature capsule only om half to two thirds of the 
length of the calyx, may occur m the southeastern si'ction of tlu state 

10 J VALiDUa Covillc, Hull Torr Bot Club, 22 305 1895 
IV c t, sandy piainos Bouthc a&tcin countn s 

Chaittaequa Co , a S Hiichcoik, Aug 8, 1896 (distributed as 
J sctrpotdes) 

J polyuphaluH Michx , similar to this species in inflorescence but 
with very broad, flat (laterally compressed), and lucoinplelely sep¬ 
tate leaves and capsule with a true beak, should bt looked for in 
the southeastern counties 

11 J DiFFusissiMES Bucklty, Proc Acad Nat Sci Phila,9 1862 
Low grounds Chiefly eastern half of state 

Crawford Co , north of Pittsburg, P A Rydberg and R Imhr 
140 Chfrokee Co , a S Hitchcock 84$ Montqomrhy Co , G L 
Cloihxet and H N Whiifordf Aug 19, 1897, near Cancy golf links, 
P A Rydberg and R Imlei 4^^ Saune Co , prairie south of Iron 
Mound, J Uaimn 816 Cloud Co , S V Fraser 66, 67 Kingman 
Co , A S Hitchcock, Aug 23, 1896 Shfjudan Co , C Weber 385 

12 I NODAiU8CoviUo,Bntt ^ Brown, Ill FI N U S , 1 482 1913 
J rofeuaftis Coville, not S Wats 

Swamps Eastern half, chiefly southern counties 
Cherokee Co , A S Ilttchcock 848, 0 L Chthter and H N 
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Whitford, Aug 14, 1897 Nbosho Co , A S Hitchcock, Aug, 1896 
And«kbon Co , a Ihichcockj July, 1896 Cloud Co , 7 Fraeer 

6 S 

13 J ACUWUNATUB Michx , FI Bor Am , 1 192 1803 
Marshes and low fields 

Saline Co , J Hanctn 150S 

J debihs Gray, a lower plant with 2-7-flowered heads and capsule 
distinctly excceduig the calyx, and J canadenm J Gay, which has 
definitely tailed seeds and the capsule usually somewhat longer than 
the cal 3 rx, may occur along the eastern border of Kansas 

I3a J ACUMiNAius Michx , forma obtusatus, f nov 

A forma typica reccdit fructu brcvi obtusissimo vel truncato 
abrupte apiculato et foliis flaccidis Specimen typicum in herbano 
F J Hermann, June 16, 1933, llepauiKi, Gloucester Co , New Jersey, 
F J Hermann, No 4444 

Differs from the typical form m its short, very blunt to truncate, 
abruptly apiculate capsule and in its flaccid leaves which are very 
flat when dry 

Pottawatomie Co , 7 B Norton 629 

SECTION GttAMINIFOLII 

14 J MAJiGiNATua Rostk , Monog June , 38, Plate 3, Fig 3 1801 
IjOW, sandy fields Kastern half of state 

Linn Co , Pleasanton, A S HUchcockf Aug , 1892 Bourbon 
Co L Clothier ami H N Whtijord^ Aug 11, 1897 Crawford 
Co , P A Rydberg and R Imler 174 (m part) Neosho Co , A B 
Hitchcock, July, 1896 Franklin Co , A 5 Hitchcock, July, 1896 
Montgomery Co , P A Rydberg and H N Whttford 427 A (in part) 
Elk Co, 0 L Clothier and H N Whitford, Aug 20, 21, 1897 
Pottawatomie Co , 81 George, J B S and J B Norton and G L 
Clothier, July 23,1895 Cloud Co , tS V Fraeer, 6S, 64 Saline Co , 
west of Brookville, J Hancin 467 Fllsworth Co , Kanopolis, M 
Becker, 1896 Kingman Co , M A Carkton, Sept, 1891 

14a J MARGiNATUS Rostk var setosus Coville, Proc Biol Soc 
Wash, 8 124 1893 
J aetoem (Coville) Small 
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Kinoman Co , M a Carkton, Oct, 1892 

In Kansas, where this \ariety probably reaches the northern 
limit of its ranf^e, there are found all intermediate stagt s between it 
and the typical sptcics J sctosiAs (CoviUe) bmall cannot, therefore, 
b<* accorded more than the vanetal rank originally assigned to it 

16 J AiiiSTtTLArus Michx , bl Bor Am , 1 192 1803 

Moist miadowfl Eastern half of state, chiefly southirn counties 
Einn Co , Pleasanton, A S Ihtchcock, Aug , 1892 (^uawfohd 
C o , SIX miles south of Pittsburg, P A Rydberg and R Imier 174 (m 
part) Montoomkky Co , P A Rydberg and R Imkr 4^7A (in part) 
Elk Co , G L Clothier and U N Whilfordy Aug 20, 1897 Sauink 
Co , west of Kipp and southwest of lion Mound, J Haticin 901 

Univbrsity of Michiqan 


BUPP1.1.MFNTARY NOlJi. 

When this paptr went to pnss the only known stations for 
J kanaanua were those cited above, all m Kansas A specimen irom 
Missouri has recently boei locaUd, howc\Li, in the University of 
Michigan Herbarium This was collected by Rev John Davis (No 
8824), Tune 25, 1917, on dry, rocky slopi^ at Kolia, Pike County, and 
distnbuUKl as J tntertor The collection is a mixture containing a 
few culms of J tnlenorj but it is largely J kanaanua 




POLLEN STATISTIC’S FOR TWO l^OOS 
IN SOUTHWESTERN MK^IIOAN 


PAUr K HOUDEK 
LO< A FION Ot THK BOOH 

T HL bogs under consideration art but tvveIUy-fi^c miles 

apart in the southwcsteni comer of the Southern Peninsula 
of Michigan One of thtm, tlu Ste\cnsvilJe Bog, is about three 
and one-half miles souths tst of tlu \illagt of Stevtns\iIIe, Berrien 
County^ Michigan, and om^fourtli mile west of Unitid States High¬ 
way No 12 It occupies a small circular depression approximately 
one hundreil yards in diameter m the southwest corner of the Orand 
Marais lake region which lies between the sand dunes and the suj>- 
posed former shore of Lake Michigan Ihis dune bog is will ad¬ 
vanced, hating a tiny bit of open water surrounded by the usual 
stages of plant succession I he surface tegetation is typical of 
similar areas m this region, and since many accurate lists are a\ ail- 
able, notably one by Fuller (3), the species arc not liere enumerated 
Hall Lake Bog is four miles cast of the village of Hartford, Van 
Buren County, Michigan It lies just south of United States High¬ 
way No 12, at the west end of Hall Lake Ihe mal extends entirely 
across the west end of the lake about a hundred yards from the west 
edge of the depression The lake proper is roughly oval, being three 
tenths of a mile m its greatest diameter It lu4^ m a glacial depression 
and 18 slowly being filled by the bog Ihe mat is well formed, and, 
although apparently grounded, it is \ery wet The surface of this 
bog la not so mature as that of the Stcvensviile Bog 

METHODS 

CoUecitng —Samples of the deposited materials wore collected 
at half-meter depth intervals by means of a Hiller peat borer Those 
for microscopic examination were very carefully removed from the 
centers of the cores and placed m glass tubes Two or three samples 
were taken from different positions along each core Larger ones 
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Fiq 1 PoUen diagram^ BtevensviUe bog 

for gross examination were taken from each core and placed m tight 
paper boxes 

Prepataiiona — The peat was prepared for microscopic examinar 
tion in accordance with the method described by Voss (6) A small 
rjuantity was boiled in ten per cent solution of potassium hydroxide, 
then twice decanted, washed, and centrifuged Some of the peat 
was then mounted in glycenne jelly under large cover glasses J E 
PoUger, m a paper read before the botany section of the Indiana 
State Academy of Science, Indianapolis, December 6, 1931, objected 
to the use of potassium hydroxide on the basis that it would distort 
the pollen grains No demonstration or other evidence of the amount 
or the character of the distortion was offered It Is reasonable to 
expect some distortion, but until a better method of loosemng the 
pollen grains from the other matenals in the peat has been discovered, 
the method given seems to be the most practicable As pollen grains 
are known to be everywhere present m dusts, constant oara was 








Pollen Stahstics for Two Bogs 51 


TABLE 1 
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taken to avoid contamination For gross examination tlie pf at was 
boiled in ten per cent potassium hydroxide solution, filtered, washed, 
and spread out in a large shallow glass dish Illumination from be¬ 
low aided in sorting out the plant parts 

Eramtnalton and tdenttficaiton — Ihe pollen grains were idtnti- 
fied by comparing them with modern pollens Through the courtesy 
of the Field Museum of Natural History of C hicago a collection of 
pollens was made from preserved specimens in their herbarium 
Hundreds of grams were examined and measured to determine the 
siaes and size ranges for some of the types that are difficult to identify 
Sear’s work on pollen (4) was extremely helpful in the identification 
One hundred and fifty to two hundred and ten pollen grains weie 
counted for each sample Peat types were determined by compari¬ 
sons with type samples named by Dr G Erdtman, of the University 
of Stockholm, and by examination of the peat for plant remains other 
than pollen gprains 
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Fio 2 Pollen diagram, Hall I^ike \wg 

Obviously diagrams could not be used to represent all the pollen 
grams found Only t)ie more significant ones have thus been repre¬ 
sented in the tables of results which folhiw Salix, Lanx, Corylus, 
and Alnus are so general in their distnbulion that, in accordance with 
a suggestion from Dr Frdtman, their polk ns were omitted from 
the calculations PolU n frequency is the calculated number of pol¬ 
len grains to be found on one square centimeter of the slide of that 
sample 

RFSULT9 

Ihe results of the investigation are presented in the pollen dia¬ 
grams (Figs 1-2) and the tabulated pollen percentages (Tables I-H) 

SIGNinCANCB- 

Pollen percentages — According to Auer (1), “ The pollen content 
of the 8ucce88i\e layers of the individual peat bogs is a direct indi¬ 
cation of the comparative abundance of the different kinds of trees 
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TABLP. II 
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growing as the peat layers fonnetl ” If this stalevnenl is true, this 
investigation shows changes in the tree floras of the regions in which 
the deposits occur Plie older deposits in thi St.f\enHville l^og con¬ 
tain a predominance of Quercus-Ulmus pollens The later ones show 
a reduction of the Quercus-Ulmus with an increase of Pinus jxtllens 
In the Hall Lake Bog the oldest deposits contain a deoidetl pre 
dominance of Abies pollen Ihis dimlniahes rapidly in favor of the 
Pinus pollens In the next younger deposits the Quercus-Ulmus 
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pollens predominate, continuing to the surface In the more recent 
deposits there is a slight reduction in the Querous-Ulmus and a gain 
in Pinus pollens The greater antiquity of the bottom layers of the 
Hall Lake Bog is qmte evident from the predominance of Abies 
pollen This is typical of the majority of bogs in this region that 
have been investigated by Auer (1), Sears (6), and Voss (6) It is 
very likely that deposition of material began considerably later in 
the Ste^en8Vlllo Bog than In the Hall Lake Bog Further work is 
needed before conclusions can be drawn These studies may lead 
to a comparative statement regarding the age of the dunes In the 
later deposits there is considerable variation in the several pollen 
percentages of the two bogs This would seem to indicate that the 
immediate vicinity of the bog has some influence on the pollen 
content of the deposited material It also indicates that perhaps 
safer conclusions can be drawn from the study of a number of bogs 
lu a given region than from the investigation of a single deposit 

fhe primary conclusions of most of the investigations m this 
field have concerned climatic changes inferred from change^s in the 
flora as indicated by the pollen grams found at the dififerent levels 
Doubtless many of these conclusions are well founded Some of 
the pollen percentage changes shown m the results of this investiga¬ 
tion would be interpreted by certain workers as indicating climatic 
changes A report on but two bogs is, perhaps, not the place for 
such interpretations 

Peal types — The peat types indicate the character of the surface 
at the time of deposition The mud at the bottom of Hall Lake Bog 
18 similar to that found in the bottoms of new lakes It is composed 
of material washed in from the surroundmg terrain, some marl, and 
a small amount of completely decayed vegetable matonal The 
jelly-hke ooze shown in Figure 2 is regarded by Davis (2) as having 
been deposited under a Carex mat The author found such matonal 
under open water in front of a Carex mat m Mud Lake Bog near 
Douglas Lake, m the northern part of the Southern Peninsula The 
other peat types above the jelly-like ooze contain sufficient plant 
remains to make their ongin quite obvious In the Hall Lake Bog 
they are similar to those found by Voss (6) in the Antioch Bog and 
by the author in a northern Miciugan bog now under investigation 
lliere is little doubt but that they represent the different methods 
of filling of which a record is found m the glacial dopreamons of 
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this region The peat types of the Stevennville Bog are individually 
identical with some of the types in the Hall Lake Bog, but the entire 
section indicates a development quite different in character and, 
perhaps, m rate As indicated m higure 1, the depositat the two 
and the two and ime-half meter depths m the Stcvensvillc Bog are 
almost pure sand This might have been water-born, but it was 
probably blown in at the time of the formation or the shifting of the 
neighboring sand dunes 

Pollen frequi?icy — If a uniform proceduie is followed in the 
preparation of the slides, the pollen counts will indicate the relative 
amount of pollen grains in the different tyjies of peat or other de¬ 
posited matenals I here seem to be four factors that affect the 
amount of pollen grains m a peat sample first, the amount of 
pollen that falls on the area, second, the ability of the surface to 
receive the pollen, third, the preservative qualities of the nmtenal 
which receives the p<illen, and, fourth, the resistance of the pollen 
grains bi decomposition In the two Ixigs investigated there seems 
to be a distinct correlation between the peat types and the poilen 
frequency This is best illustrated between the five and t\venty-two 
hundredths and the eight and twenty-two hundredths meter depths 
of the Hall Lake Bog Here we find changes m the pollen froquonciea 
at the same depths as the changes in the peat tyiies It is interesting 
to note that at the same levels thtre arc few, if any, changes in the 
pollen percentages 

SOMMAHY 

1 The two bogs investigated exhibit sinking differences 

2 Deposition of material probably began considerably later in 
the dune bog (i c the Stev ensville Bog) than in the glai uil depression 

3 llie Hall Lake Bog gave results that ore similar to those se¬ 
cured by other workers on other bogs in this region 

4 The Hall Lake Bog indicates a forest succession in that region 
of Abies, Pinus, and Quercus-Ulraus 

6 Correlation of bog studies such as these may throw light on 
the problem of the age of the dunes 
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NEW OEDOGONIA COLLECTED IN C^IIINA II* 


CIIIN CIITH JAO* 


I N IHfcj preceding volume of the Papern (19 83 92) the writer 
began a series of articles on C’luncsc Oedogonia, of which this 
IS the second IIis sister, Miss 3u Jao, has contmmd to make 
collections that >ield interesting new specits, and others ha\e come 
to hand from other sources The numerous mw s^ieueji recently 
described by Iht wntcr from a locality so much frequented by 
botanists as Woods Hole, M issachiisctts, indicates thit the pub¬ 
lication of Him’s great monograph by no means kft Oodogonium 
a w orkod-out group It is I he reforc not to be wondc re d at that China 
continues to lie productne of no\elties 


Oedogonmm brevicmgulatum, sp nox 

(Tab X, I igg 1 3) 

Ocdogonium monoicum, oogomis singulis, paululum tuinidm, obo- 
viformi-globosis \el obovifomiibus, poro suiienoro apertis, oosporis 
globosis, longitudmuhter oogonia non complcntibus, membrana laevi 
et freciuenter crassa, antheridiis 1- vcl 4-celIuhH, subcpigynis, sul>- 
hypogynis, vel sparsis, pkrumquc cum colluhtt vcgctativis alter- 
nantibus, siiermator/oidiis binis, di\isione horizontah natia, cellula 
terminali apiculata, ccllula bisali bre\i, interdum lc\itcr tumida 


CoUuloc vpgflativae 

Oogonia 

Ooeporta 

Cellulao anthendn 


(22) 25-32 p diara , 4S-125 0 p long 
3H 51 p dmm 48 58 0 p long 
35 45 p djain , '58-45 0 p long 
25-29 p diara , 3-4t 5 p long 


Monoecious, ohgomum solitaiy, a little tumid, obo\oid-globose 
to obovoid, pore superior, oSspore globose, not filling the oogonium 
longitudinally, spore wall smooth and often thick, anthendia 1-4, 
subepigynous, subhypogynous, or scattered, mostly alternating with 

• Papers from the Department of Botany of the (ruivennty of Michigan, 
No 465 

» Fellow of the QUna Foundation for the Promotion of Education and Culture* 
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Chtn-Chth Jao 


the vegetative cell, sperms 2, division horizontal, terminal cell apic- 
uiate, basal cell short, soirietimes slightly swollen 


Vegetative cells 
O6gonia 
Oospores 
AntherKlia 


(22) 2') 32 p diam , 48-126 0 p long 
3a-51 fjL dtam , 48^ 58 0 p long 
35-45 ju diam , 38-45 0 fx long 
25-29 M diam , 3-6 5 p long 


This species has the appearance of Oe gentcukUmn Him It 
differs, howeter, in the smaller dimensions of all cells and in that 
the oospores are regularly globose It also has some charactenstios 
of the groups of Oe captUiforme Ktitzing & Witt rock and Oe princeps 
(Hassall) Wittrock, both of which, however, are dioecious 

(killected in rice farm near Lu-Tian-Tsc, about nine miles west 
from Chungking City, Szechwan, West China, by Miss Tu Jao, 
June, 1933 Filaments abundantly scattered in Hydrodtetyon retteu- 
lo/uw (L) Lagerheim, Oedogomum Kurzxi Zeller, Ot croBnum (Has¬ 
sall) Wittrock, Oe sjrtrahdenh Jao, Sptrogyra tntoita Jao inedit, and 
some blue-green algae Types in G C Jao collection and in Herb 
Mich Umv , Nos S497 and 8604 


Oedogomum peipingense, sp nov 

(Tab X, Figg 4-8) 


Oedogomum dioicum, macrandrium, oogoniis singulis, obovifor- 
mibus, opercuJo apertis, circumscissione supenore, angusta, oospons 
globosis, ranssime subglobosis, oogonia non complentibus, membrana 
laevi, snthendus 2- vel 6 (vcl ?)-oelluh8, saepe cum celluhs vegetati* 
VIA aitemantibus, spermatozoidus binis, dmsiono honzontah natis, 
oellula basah aut tumida aut non iumida, cellula terminal! apice oh- 
tusa vel setiformi longitudme usque ad 310-378 p 


veg , planta fern 
Coll vog, planta masc 
Oogonia 
OoBpfina 

Collulae anthoridii 
C/cllulao basales 


16 “29 M diam , 55-160 p long 
16 26 p diam , 65-122 p long 
61-68 p diam , 71-90 p long 
51-61 p diam , 51-66 p long 
17-28 p diam , 13-23 p long 
19-32 p diam , 96-103 p long 


Dioecious, maorandrous, odgonium solitary, obovoid, operculate, 
division superior, narrow, oOspore globose, very rarely subglobose, 
not filling the odgonium, spore wall smooth, antheridia 2-6(-?), 
often alternating with the vegetative cell, sperms 2, division hori¬ 
zontal, basal cell tumid or not, terminal cell apically obtuse or 
piliferous and reaching a length of from 310 p to 370 p 
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Vegetative cells, female plant 

Vegetative cills male plant 

Ortgonia 

Odaporee 

Antheridla 

Basal cells 


p <liam , 5 > 160 p long 
16~26 /I (iuin '>5*122 fi long 
61 68 ju diam ,71*96 fx long 
61*61 /i diam 61 66 ju long 
17*23 fi <lium , 13 23 p long 
19 32 /i dmrn 96-103 p long 


In this genus the largest known species which is characterwed 
by the macrandrous habit, operculate oogonium, and smooth oOspore 
is Oe duncum Carter N CarlerN doscnplion is so imperfect that 
It leaves doubtful the number and the \ertical <li\ision of the sperms, 
and 18 quite insutficicnt and \agut with regard to all tiie moisurc- 
ments This species was found m India by C^irter only and nobody 
has described it again The ntwr species, Ot petjnngemtef is near 
the Indian form, but with only Carter's description, aside from which 
no data are available, it is very hard to compart the two plants 
In some respects the appearance of this new species is similar to 
that of Oe l^^dwitHchu West & West, Oe lowinse Tiffany, and Oe 
Pnnifshetnm Cramer Wittrock, but it differs from them chiefly 
m having larger dimensions and a solitary oogonium, and in some¬ 
times having the terminal coll elongating into a piliferous Up 

Collected in the southwest moat of Peipmg, by the writer, June, 
1928 Filaments scattered, accompany mg Oe cryptoporum Witirock, 
Oe cnapum (Hassall) Wittrock, Vauduna (Vauch ) l)e Can¬ 

dolle, Sptrogyra au^trtaca C'zurda, <S praiemis Fninseau, S ihizopoda 
Jao medit, and several filamentous blue green algae Types in V C 
Joo collection and m Herb Mich Umv , Nos 11242 Si and 01 


Oedogonium inframediale) sp nov 

(Tab XI, Figg 9-10) 

Oedogonium dioicum, nannandrlum, gynandrosporuin, oogonus 
singuhs, subglobosis, globosis, \ el alniuantum subobov iformi-gloliosis, 
poro infra medium apertls, oospons globosia \el subglobosis, oogoma 
vix complentibus, epispono echinato, echinis ad 6 6 /x longis, andro- 
sporangits l-5-co!luli8, epigynis \ 11 disiiersis, nannandnbus paululuin 
curvatls, stipitatis, m celluhs suffuHorus sedentibus, anthcndiis soli- 
tariis, extenonbus, sperraatozoidiis bmis 

CcUulae vegetativae 13 21 p diaro 41*90 ^ long 

Oogonla 38-48 p dijiin , 38-45 p long 

Ooftporae 37-44 p diam > 35*41 p long 

ccltutae sufluiionoe 16 26 p diaiti 54--61 p long 
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Androsporaiigis 13-16 n diam , 6-16 m long 

Naunandrw stipes 8 10 p diam , 22 24 m long 

Cellulac anthendii 0-7 p diam , S-12 long 


Dioecious, nannandroufl, gynamlrosporous, oogonium solitary, 
eubglobose, globose, or somewhat svibobo\oid-globose, pore infra^ 
median, oospore globose or subglobose, nearly filling the oogonium, 
outer spore wall echinatc, spines up to b 5 in length, androsporan- 
gia 1-5, 8ul>epigynou8 or scattered, dwarf male slightly curved, on 
the suffultory cell, anthtridium 1, (xUrior, sperms 2 


Vtgttative cells 

Ougunia 

06spoics 

Suffultory cells 

Androsporaiigia 

Male stipes 

Aothondia 


13-21 p diam , 41-90 ^ long 
fi diam , 38-45 m long 
17-44 M diam , 35-41 /i long 
16 26 p diam , 54-61 p lung 
13-16 p diam , 6-16 p long 
8 10 p diam 22 24 p long 
6-7 p diam , 8-12 p long 


This species is characterized by the mframednn pore, the smaller 
vegetative colls, and the diameters of tht odgonia and oospores, 
which are generally greater than thtir lengths, in contradistinction 
to Oe hyatriT Wittrock 

Collected in a pond near Shih-Chiao-Ch^ang, about ten miles 
westward from (Chungking, Szechwan, (’hina filaments scat* 
tered among many other filamentous algae Types in C C Jao 
collection and m Heib Univ Mich , Nos S616 01 and 02 


Oedogonium oblongum Wittrock \ar fusiforme, var nov 

(Tab XI, tigg 11-13) 


Oedogonium raonoicum, oogonus singulis, elhpsoideis, valde 
medio mflatis et utnnque angustatis, operculo supremo apcrtis, 
matuntate frequenter deciduis, oospons ellipsoideis, rare subellip- 
soideis, oogonia non vcl fere complentibus, membrana laevi, anthen- 
this frequenter 1, intcrdum 2 3, subepigynis \el subhypogynw, raro 
dispersis, spermatozoidns bims, divisione honzontah natis, cellula 
basali subtiliter tumida, plerumque cellulis vegetativis infenonbus 
aequilonga, cellulis supenoribus \cgetativis plerumque brevionbus 
quam infenonbus, cellula terminal! obtusa 


CcUulae vpgetativae 

Oogoma 

Oosporae 

Cellulae anthtridu 
Oellulae baaales 


3 5-7 5 p diam , 26-68 p lung 
22 0-29 0 p diam , 48 55 p long 
13 0-19 0 p diam , 22-32 p long 
3 5-8 0 p diam , 6-10 p long 
6 5-9 5 p diam , 41-55 p long 
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Monoecious, o6goniuin solitary, ellipHoid, much inflat,cd toward 
the middle and narrow at both ends, optrculate, di\ision supreme, 
often deciduous at maturity, oospore ellipsoid, rarely subellipsoid, 
not or nearly filling the oogonium, spore wall smooth, anthendia 
usually solitary, sometimes 2 3, subepigynous or svibhypogynous, 
rarely scattered, sperms two, duision horizontal, basal coll slightly 
swollen, usually as long as the lower vogotatiN e cells, upp( r vegetative 
cells usually rather shortt r than the lower oneii, terminal ct 11 obtuse 

Vegetative cells ^*>75 g dian\ ,2% g long 

Oq^iua 22 0-29 0 fx tham ,48 5 i ju long 

06«pores 13 0-19 0 yi diam 22-32 y long 

Anthendia 3 6-8 0 ydmtn 0-10lung 

BaHftl cells 0 5 9 0 y diam , 41 -55 y long 

This variety distinctly differs from its tyjie in having more 
slender vegetative cells and in rather hrger oogonia contaimng 
smaller oospores Oi ohhnguni Witt rock f majua (Nordstedt) Him 
and f sphaertcum (Hallas) Him both have hrger vegetative cells, 
odspores, and anthendia, whereas (he oospores of the second form 
are globose, and 8<i these are quite niulily distinguished from this 
new variety In some respects the new vantt> resembles Oe oblon* 
gellum Kirchner and Oe graedhurn Wittrock & Lundell, but it is 
distinguished from the first by its slender vegetative cells, longer 
and median swollen ellipsoid oogonia, narmwer oOsporcs not filling 
the oOgonia, and subepigynous, subhypogynous, or sometimes scat¬ 
tered antheridia, and from the second by rather longer vegetative 
colls and by larger elhpsoid oOgonia much inflated toward the middle 
and narrow at both ends 

Collected m a nee farm at I m-Chia-Tun, alxiut one and one- 
half miles westward from Kiangpei C ily and m a p<jnd near Shih- 
C'‘hiao‘Ch'ang, about ten miles westward from (Chungking, Szechwan, 
West China, Dec , 1933 Filaments attached to the rotten leaves of 
water grasses and mixed with many other filamentous algae Types 
m C C Jao collection and in Herb Univ Mich , Nos S549 and S615 

Oedogonium Pringsheiniu Craiiur <fe Wittrock var brevius, 
var nov 

(Tab XI, I igg H-15) 

Oodogonium dioicum, macrandnum, oogonus 1 3, depresso- 
globoeis vel subobuviformi-globosis, operculo apertis, circumacisc 



62 


Chtn-Chih Jao 


sione supenore, oosporw forma ooj?onns similibua et ea complentibuH, 
membrana laevi, cellulia guflfultoru<< plus minusve tumidis, anthen- 
diis 2“-6-ceiluiis, saepe cum celluhs \( Rctativ is alternantibus, spfrma- 
tozoidus bmis, duislonc hon/ontah nalis, filamentis ahquantum 
abbreviatifl^ infenonbus cellulis veK^tatnib gractlionbus et longion- 
bufl quam supenonbus, cellula basalt suhliliter tunnda et elongata, 
ceiluia terminal late obtusa vel apiculata 


CitU veg, planta fern 
v 4 g , planta masc 
Oogonia 
OoBporae 
Cell euSultoriae 
C<11 nntheridu 
CtU btMales 


ld-22 M diam 14M8 m long 
10-19 ju (liam , 12-51 m long 
29 37 ft diam , id-'TW? ju long 
26 H M diam , 2t~35 fx lung 
16-26 ft diam » 19 32 p long 
19-16 M diam , 6 10 p long 
16 20 M diam , 57-64 fi long 


Dioecious, macrandrous, tx>gonia 1 3, depressed-globose or 
subobovoid-globosc, optrculate, division superior, ooeporo of the 
same form as the odgomum and filling it, spore wall smooth, sufifui- 
tory cell more or less enlarged, anthendia 2 6, often alternating 
with vegetative cells, si^enns 2, pnxluced by horizontal division, 
filament somewhat short, lower vegetative cells generally narrower 
and longer than upper ones, basal cell slightly tumid and elongate, 
terminal cell broadly obtuse or apiculate 


Vag cells, female plant 

Veg cells, male plant 

OdgoniA 

06 sporcs 

Huffultory cells 

Anthendia 

Basal cells 


11-22 dmm , 19-48 long 
19-19 fi diam , 12 51 fx long 
29 37 fi diam , 26 38 /x long 
26-34 fj, diam , 24 35 fi long 
16 26 M diam , 19-32 /x long 
10 10 ft diam, 6-10 fx long 
16 20 /x diam , 57-64 fx long 


This vanety is characterized by its broadtr and shorter vegetative 
cells, smaller fruiting cells, and tumid suffultory cells, m these points 
it 18 different from its type and var NordHtedtii Wittrock It differs, 
however, from var abbreviatum Him in having all cells with greater 
dimensions and suffultory cells tumid 

(voliected in a stream near Shih-Chiao-Ch'ang, about ten miles 
westward from Chungking, Szechwan, West China, Dec 25, 1B33 
Filaments scattered among other filamentous algae attached to the 
decaying leaves of water grasses Types in C C Jao collection and 
in Herb Umv Mich , Nos S608 01 and 02 
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EXPLANATION Ot PIATl^S 

PLATfc X 

I'lQK 1-3 OfdoQtmium hrevxcingulatum Hp nov {X 3t>0) 1 igure 1 b part of 

the filament with tw-o oogonia anti two stiUH of Huhtpigynoiw antheruiia 
containing the hoiuontally divided very narrow spermh, I iguie 2 an upper 
part of the filament, showing the apieulaU U rmmal < < U, I igure 3, basa) cell 

f lOM 4-8 Oeiiogomum petfJtTigense np nov (X 300) Figure 4 a part of the 
filament, with a mature oogonium, J igurc > a part of the hlamt nt showing 
the anthcnduil sorns alternating with the vigitativi cells, i igure 6, tiaKal 
cell, Figure 7, an apiealJy obtuae terminal cdl, Figun 8 a pihftroua ttr- 
minal cell 


PLATF XI 

Fios 9-10 0«dogoatUM in/rarrwdialfi sp uov (X 300) i igurt 9 a part of the 
filanient, showing both matuie (lower) and immature (uppi r) oogonia and 
three aubepigynous androHporangia Figun. 10 a matun obgonmm and two 
scattered androsporangia 

FiQa 11-13 OeUogonium oblongutn Wittrock \ar /toft/urmc, var nov (X 300) 
figure 11, an upper part of the hlament showing both mature (lower' and 
immature (upper) ohgonia and two subopigynnus and ont Uruimal an 
therldia, Figur« 12 a low< r part of the filament showing tin basal till and a 
fully mature odgonium, I igun 13, a part of thr filament showing two 
oOgonta and two aeries of anthcndia in position of subipigynous and sub 
hypogynous 

Fia« 14 15 Oedogontum Pnngahetmn Cram* r A Wittroek var brevtua, var 
nov (X 360) Figure 14, an upper pait of the hlaraint showing thne 
aeries of odgonia and an apiculate t^jrminal cell, Figure 15 a male plant 
showing the anthcridtal senes alternating with thr vigitativt cills, lh< basal 
cell, and the broadly obtuse terminal u U 




NOTES ON NEW OR UNUSUAL MICHIGAN 
DISCOMYCEfES II* 

BKSSIE B KANOIjSI 

O F IHT spocits of DiscoinjcetPs discussed in this 

piper, twenly nro ne\vl> recorded from Michigan, so far as can 
be determined from available records 1 he list includes one new 
genus, three new species, and one new variety Phaeohdotium jlavunij 
gen no\ et ap no\ , Pkialea Crt«sandjnc, sp iio\ , Callonn Suluia^ 
gintHf 8p n<)\ , and Lachnella tricolor (bow ) Phill \ar mtcrosporay 
var nov All collections cited have been determined by the author 
and are preserved in the Herbarium of the University of Michigxn 
Thirty-two of the forty-two collections cited were made in the 
month of May, for the greater part by h 13 Mams, A H Snnih, 
and the author Grateful acknowleclgmeni is given to T)r Mains 
for the photographs 

bTICTIDACEAE 

Nai-maixcluh NiVLUs (Ptrs) Sacc (PI XV, Iig 3) —Pound m 
abundance on the fallen ncjcdles of Finns sylvc'^tns L , Ann 4rbor, 
May 12, 1933, Smith (33 IIM), May 19, 1933, Saginaw Fore&t, 
University of Michigm, Ann Arbor, Smith and M uns (M * 
33-10) Nannfeldt (ll) discusses the taxonomic position of the 
genus in connection with the Ostropaeeac and says ‘‘Ps ist rnir 
zur Zeit nicht rnoglioh du systematischc Stcllung diescr Art 
anzugeben obwar es anzunehmem ist, doss sie Propolis nahestohe ” 
Hehm included it in the Stictidaceae 

Trvbudiaceai- 

Oaldfsia ftABiNA (De Not ) Kehm (PI \IV, Figs 3 4) —Pinckney, 
May 13, 1933, Mams (33-27) and May 17, 1933, Mains, Smith, 

* Papers from the Dopartmtnt of Botany and the Herbarium of the Uni¬ 
versity of Michigan No 471 

> The letters M and S used with thi collection numbers refer to the collec¬ 
tors, h B Mains and A H Smith, rcspeotively 
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and Kanouse (M 33-674) Von Hohncl (7) transferred this 
species to Eutryblidiella in the family Tryblidiaceae, as E sabxna 
(De Not) V H The plants were thickly scattered on dead 
branches of living bushes of Juntperus communiH L The charac¬ 
teristic spores are illustrated in Plate XIV, Figure 3 

DFRMATiAt EAB 

Callona Solidaginis, sp nov ® (PI XII, Pig 2) — Apothecia sessile, 
nnsing under the nnd, breaking through or pushing it up, gre¬ 
garious, solitary or caespitose, frequently crowded in groups of 
from two to many, often appearing in lines, not opening to a 
disk, remaining cup-shaped, drying mrolled, 0 5-1 mm in di¬ 
ameter, hypothecmm thick, soft, subgelatinous, parenchymatous, 
exciple well developed, consisting of hexagonal cells with thick, 
brown-colored walls, margin Ixirdered with long, blunt cells which 
are pakr, parallel, and not extending beyond the margin, hy- 
mouium dirty wlute with \ lolet tints to light brown when fresh, 
drying darker with rose-lilac shades, outside conoolorous to 
darker, lightly streaked with brown, asci clavate-cylindncal, 
4-8porod, 45 65 X 6-8 p, the ascus pore is colored slightly blue 
with iodine, spores oblong to subfusoid, straight or slightly bent, 
hyaline, 2-ccllod with an oil drop in each end, 10-12 X 3-4 p, 
paraphyses filiform, scarcely thickened at the apices, a few 
branched below, hyaline, exceeding the asci but not forming a 
compact epithecium 

On wot mats of dead stems of Soltdago , bank of Huron 
River, near Dexter, Michigan, May 19, 1933 Type collected by 
Mams, Smith, and Kanouse (M 33-Al), also on Soltdago sp, 
Ann Arbor, May 2, 1933, Smith (33-1155) 

Conidia were found in some apothecia They are hyaline, 
subglobose, measuring 5 X 4 /x, with an apiculus at one end 
The conulia undoubtedly belong to this species since the apothecia 
bearing them were found always in close association with other 

CsUon* Solidsginis, tip nov, apotheciia soAiilibuB, cae»pito«ifl, erumpenti- 
buA demum HUperficialibuB, subgoUtmoms, rylmdrioo^Vatki, 45-^ X 

6-8 p, 4-«porU, ftpi(»*s lodo cooruloo-tmetis, «poriB oblongiB vel sobfusoidels, 
rectis vel curvatws, hyalmis, uniseptatiB, 10-12 X M» pantphyaibiw filiform!- 
bun specimen typicum a Kanouse Mains, ot Smith leotam props Dexter, 
Michigan, m caulibus specierum Solidaginis ad npas flumima Huron In 
Univ Mich oonservatum est sub numero 33-41 
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apothocia containing mature asci and ascosporp'? In fact, young 
asci sometime*^ were among the cmiidiophores The apothecia 
containing conidia were \cry soft, ciwhion-Hhapod disks and had 
thin, almost separable exnples Rehm (15) wporied finding a 
conidial stage for CtiUona Jumnoides (Berk ) Tr 

Calloria l^olidcu}tms possesses characteristics uhich place it 
within an exceedingly perplexing group A roMcw of the litera¬ 
ture on species commonly found on the CVimpositae confirms tins 
Rehm (15) described PeziztUa fimohi/ahna and placed Ilctohuni 
fmcohyahna Rohm m 8ynonym> He said ‘ hincr Mollisia 
scheinbar, alier den Gehkusen ganz \ erscheiden \ on der oben- 
falla auf Sohdago m Prankrcich gefunden Pez uinhrmflla Desm 
(10 Not pag 36 Synon ATipteia um6rin#iia (Sacc ) Syll Disc 
pag 48 ) unterscheidt eie sich insobesonders durch nur einzolhgo 
mcht 12^14 fx lange Sporen und kleinerc Apothecicn I ater (16) 
he desenbod Callona subalpina Rehin var discrepans Ri hm on 
overwintered stems of Aattr leucanthemum btill later (18^ he 
described Ombrophila ftiacohyahna Rehm on Sohdago mrganrea 
and placed m synoiiymj with it his o^^n Pezxzdla fuscAihynlina 
and Callona subalpina var discrepant and also Pyrettopezna 
fitecohyahna Bond Concerning Callona subalptna Rehm \ar 
dterrepans Rehm he says “Nahert sich mehr Ombrophila, von 
Callona subalptna durch die I'orm <Ur Sport n und vtr- 
Hchciden In the same paper he placed Callona subalpina Rehm 
in synonymy with Coryndla discrepans Rehm and appended the 
remark “ Kann wegen der I omi der st hr gallertigen Apotbecium 
mcht bei Callona untergcbracht werden I his species is re- 
port-ed by him as occurnng on decaying stems of \stir Trades- 
carUt 

Von HOhncl (0), after having exai lined material, summanzt-d 
the situation and cleared up part of the confusion m regard to 
Rehm’s interpretations He discussed Ptziza umbrtndla Desm , 
NipUra umbnneUa (Desra) Sacc, Callona subalptna Rehm, 
CaUofta subalptna Rehm var dttcrrpans Rehm, and Corynolla 
dtscrepans Rehm In conclusion he cstabhslied a new genus, 
Callonella, used the sjiecific name C umbrindia (Desm ) v H , 
and reduced to synonymy the species just mentioned 

The important characters oiCallonella umbnndla are as follows 
apothecia formed superficially, the negative reaction with iodine, 
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8-sporecI a«ci, and paraphyws with thickened apices i he genus 
18 placed in the Dcrmatcaccao by Von Hohnel He regards Didy- 
mocoryne bacc , C allona Bond emend Il( htn (non nes emend 
Fuek )y and C^nangina \ IT as closely related genera 
In contrast to Callonclla Von llohnel charactenzed the genus 
Callona as follows apotlutia enimpent, subgclatinous, paren¬ 
chymatous structures with wtll-df\el(jp<d txciple, 8-spoiod asci, 
I>ositive iodine reaction, and paraphyses somewhat branched 
CaUona Sohdagims agrees with this generic diagnosis in c\try 
respect except the number of spores in the asci In C Sohdagmis 
the as(i an 4-spored instead of 8-spored lour-spored asci are 
found in some species of Pyrtnoptzi/a However, the spores are 
1-ceIltd and thi apothecia arc not gelatinous—two characters 
w hich prevent C t^olidagims being place d in the genus Pyrcnopc- 
ziza Pyrenopeztza ArtemiHint (Lasch) Rehm var Solidagtms 
llehm (Aseomycetes Fxsiccati No 1957) is a quite different plant 
I ho two photographs (PI XII, higs 12 of C Soltdagmis and 
P Artemtsiae (I^asdi) Rehm var Sohdagims Rehm) show clearly 
the macroscopic differences between the two SfiecitR 
Calbna Sohdagtms cannot Ik referred to the genus Ombrophila, 
w hich has stalked gelatinous apothecia, or to C orynella, which has 
4-cel led spores and colored paraphyses, or to C’oryne, which has 
gelatinous apothecia and many-cclled spores, or to Callonclla, 
for the reasons explained above 

Clvanoiacfae 

Stamnauia amfhicana Masset & Morgan -On overwintered 
sterile plants of tquiseturn arveme L, Huron River, Dexter, 
May 19, 1933, Mams and Kanouse (M 33-670) Apparently 
this IS the spring fonn of the fungus that wt have found occa¬ 
sionally in the late fall and w inter on the sporophytes of E arvensc 
Von Hohnel (5), in a discussion of Piziza ladtsstma Cesati, cited 
various European collections that have gone under that name 
and also under the name Phragmomvia laeitsmm (Cesati) Rehm 
He consultred them to be merely the spring form of Siamnana 
Equiseix (Hoff ) Rehm, which is the species of Stamnana common 
in Europe He found that the apothecia formed m the spring 
usually contained immature spores In contrast, our collections 
of S aniencana^ made in May, have fully developed siKires 
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exactly like those of collections made in No\(mber and De¬ 
cember, yhich well retiorted in a pievious paper by the author 

(9) Tlu apothccu on the sltnlo plants seem to l>e softer than 
those thit de\clop on the fertile plants In this respect they 
corresixmd to the ihsciipfion of the specus Rivtii by Morgan 

(10) Ho described the apotlucii ts thin ami dilicale He did 
not give the season of the yeir in whuh his Ohio collections were 
made 

MoLI ISM( I Ab 

Helonidium f 11)( opVI t im m Bres On wood of sp ^ Sahnt, 
Jum 30, 1913, Smith ( O 1152) I he ipothecia in this collectum 
have the characteristic oh\c-gre( n color of tlu species and hyphac 
which proji ct t>ovond the m irgin of the tpofhccia J he asci 
measuic 70 HO X 10 12 // I he spores an hy dim and l-septato 
ami measure 18 21 X 4 b m Hehm U7) questions the plating 
of this fungus in Bekmidiiim, and suggests that it belongs to 
Podolieloniuni is defined by Boudiei 

Iapksia i-UbcA (Pers) link (PI Xlll, 1 ig J) —On dead sticks 
of Vaajnivm cotymbo'ium J , Mud I ike Bog, Whitmoie Lake, 
May 28, 1933, Smith, I I Towo, ind J B Mckarland (S 33 
1157), same location, May 23, 1933, Mams (31-50) It was 
frequently seen on other decayed woods throughout the spring 
Mliot (4) has pointed out that the desclopment of the fungus 
vanes acceirding to the environment As she stales, the blue 
color seems to be assoeiitcd v\ith joung ape^thecia growing in 
humid cemditions Although the color of the mature apothecia 
by which the fungus is commonly known is yellowish, tlu blue- 
colored apothecia fiequcntly contiin what ippeir to l>e mature 
spores 3 hm difTerencf iii eolor mav e luse trouble in identifi¬ 
cation In a humid en\ironment, such is the floor of a bog the 
tomentum remains on the cups for a long tune anti the subicvilum 
18 a well-developed, conspicuous, brown mat 

Papesia lividofvsca (It) Rohm \ar fallax (Desm ) Rehm (PI 
XIII, Fig 2) —On cones of Pian rnanana (Mill) BbP , Mud 
Lake Bog, Whitmore I ake, Maj 2S, 1931, Smith {33 106) This 
fungus was reported by Rchiu (17) as growing in Kuiope on cones 
of fir and Ptnus sylve'iins 1 he apothecia are seated on a rather 
scanty but evident brown aubiculuni Ihc spores measure 

6-9 X 2 5*3 M 
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Pyrenopekika Artemisiak (Lasch) Eehm var Soudaoinis Rehm 
(PI XII, Fig 1) ***- On decayed stem of a composite, bank of 
Huron River, Dexter, May 19, 1933, Mams and Kanouee (M 
33-^8) This fungus is identical with a Canadian collection, 
No 1957 of Rehm’s Ascomycetes Exsiocati, and with No 3866 of 
Ellis and Everhart^s Fungi Columbiani The apothecia are nearly 
black within and without and have white margins The outside 
IS streaked with patches of dark-colored excipular cells The 
asci contain either four or eight spores, which are 1-celled, hya¬ 
line, and measure 9-10 (12) X 3~3 m In P SohdaQtniB (Karst} 
SohrOt the spores measure 20 X 2 according to Nannfeldt 
( 11 ) 

Pkhhotia flaumae (A & S ) Boud — On wood of Qtnsrcus «p, 
Dexter, May 20,1933, Smith (33-1154) The is not rare, 

but this is apparently the first collection from the state 

BELONXELnA BHEVipiiiA (Rob) Rohm — On overwintered stems of 
Aakr sp , Saginaw Forest, Umverslty of Michigan, Ann Arbor, 
May 31, 1933, Mains (33-65) The plants agree vkih those de- 
sonbed by Rehm (15) From the external characters and from 
the non-septate condition of the immature spores they might be 
mistaken quite easily for a species of PyrenopexUa The spores 
are finally many-septate and reach a length of 27-32 fx Rehm 
cites one collection on the stem of a composite 

Hblotiaceae 

Pewieula ASPinncoLA (B A Br) Rehm (PI XII, Fig 4) — On 
petioles of Ad%antum pedaium L, Cascade Glen, Ann Arbor, 
May 27, 1933, Mams and Smith (M 33-62) Ilie i^tbecia 
are very short stalked, sparingly hairy or floocose outside, and 
bordered at the margin with bunies of hyphae, forming a delicate 
white fringe The spores measure 6-8x15-2 p 

GottoomcKPB ©KticATunA (Fuck) V H (PI XV, Fig 1) — Von 
Hdhnel (8), m a discussion of Arachnopeztza ddu^tUa Fudc, 
has rightly stated that this species does not belong to Araohno- 
pesiza since the spores are filiform and manyoseptate It seems 
to be well {fiaced in Qorgomcepe, where Von H6hnd put it It 
has been reported previously from Michigan under the old name 
IHate XV illustrates plants oolleoted near Pinckney by Smith, 
May 17,1933 (33-1155) 
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Phxalea ACICOLARUM (Rolland) llehm (PI XII, Fig 3) —On 
fallen, overwintered leaves of Lanx tancina (Du Roi) Koch, 
George Reserve, University of Michigan, Pinckney, May 13 and 
17,1933, Mains (33-16), Mud Lake Bog, Whitmore Lake, May 
23, 1933, Mains and Smith (M 33-52) Seymour (23) does not 
hat this species as occurring on Lanx in North Amenca 
Phialet Cassandrae, sp nov * — Apothecia solitary; stipitate, cup¬ 
shaped, then expanded, pure white, smooth, thin, 0 5 mm wide, 
stalk 1 5“2 0 mm high, stiff, white above, black belou ,subbulbous, 
flocooso at base with large, protruding, thin-walled cells, asci 
cylindrical, 30-35 X 5-6 S-spored, ascus pore colored faintly 
blue with iodine, spores fusoid-clavate, pointed at one end, 
hyaline, l-oelled, 6-8 X 1-1 5 m, paraphyses filiform, hyaline 

On fallen leaves of Chama^daphne calyculaia (L) Moench 
Type collected by Mains (33-59), Mud Lake Bog, Whitmore 
Lake, Michigan, May 23,1933, also from the same bog, May 28, 
1933, Smith, Lowe, and McFarland (S 33 109), Rock River, 
June 17,1933, Smith (33-551) 

This beautiful little fungus is distinguished by the small spores 
and by the contrasting black and white of the stipe Boudier (1) 
illustrates Helottum nubthpes Boud with a white disk and a 
stipe that is slightly darkened Ihe spores of his plant are 
22-23 X 5-6 >ji, which is decidedly larger than those in P Cas- 
sandrae 

Schweimta (21) depicted growing on wood a plant which is 
labeled m his handwriting as P nigrtpes It has a slender black 
and white stipe and a whlt« apotheemm No adequate desenp- 
tion of this species has been found Hehtium nignpen Fr as 
charactensod by Saccardo (19) has a flesh-colored apothecium 
A variety of H nignp^^ Is merely mentioned by Saccardo as 
var alba By inference it appears that a Cuban collection made 
by C Wright (No 634, Berkeley k Curtis, Jungi Cubenses, 
No 702) may be this variety, but neither the species nor the 

* PIUsIm Cassaadras, sp nov , apothcciis prittmra cupulatls, deinde appla- 
natto, nlvais, glabrte, sUplUUa, gmeilibus, rigidia, 1 5-2 0 mm altln, infenore parte 
nigfl^ntlbus, ad basin bulboais tomento fiooeoso subtilt praeditis, asois oylm 
dtiski X 5^ BnipoHs, aporis fusoideo-olavatis, hyalinis, nonseptatis, 

fhS X 1-ldi in parapbysibus filtformibus Specimen typioum legit F B Mains 
in fciii deUpBis Chamaedaplinae calyculatae prope Whitmore Lake, Michigan* 
In Herb Umv Mich oonservatum eat sub numero 33-69 
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variety, both of A^hich grew on wood, seems to be the same as 
the fungus growing on the leaves of Chamaedaphne 

CvATHirtrLA Marchantiae (Soinmerf) Sacc (PI XIV, Fig 2) — 
On undetermined liverwort, Point aux Barques, May 30, 1933, 
J E Davtdson and C A Arnold, on Marckanlta polymorpha 
L, Mud Lake Bog, Whitmore I>ake, July 4, 1933, Mams and 
Smith (M 33-071) lo judge from the account of this species 
given by Durand (3), these seem to be rather unusual finds 
Durand says concerning his own collection No 8613, made in 
1910, that, if what he hod was Sommerfeldt's plant, “we have 
the mteresting fact of the occurrence in New York of a species 
which has not been found before since its original discovery m 
Northern Europe more than 60 years ago ” Our Michigan collec¬ 
tions are additional records for North America 

CVATHICtTLA CORONATA (Bull) De Not (PI XIV, Fig 1) — This 
species has been reported previously from Michigan, but it is 
desired to call attention to the accompanymg plate, in which the 
teeth on the margins of the apothocia are distmotly seen This 
collection was made near Pinckney, Oct 5, 1933, by E Nissen 
and Smith (S 33-1159) 

Lachkella coeticaus (Pers ) Fr — On ScUtx sp , Saginaw Forest, 
University of Michigan, Ann Arbor, May 10, 1933, Smith (33- 
19), IsIeRoyale, A H Povah,< 1930 This species is beautifully 
illustrated by Boudier (1) Schw emits (21) has a sketch of an 
American collection, labeled P cf>rttcola, which la typical The 
fungus IS readily recogmzed by the dehcate weft of richly branch¬ 
ing hairs that envelop the apothecia, giving them soft, fluffy 
halos J^rge crystals form at the ends of the hairs Rehm (16) 
described the margins of the apothecium as much mrolled, so 
that only a small opening is left, and our plants show this feature 
nicely The measurements of the asci (50-70 X 7-8 p) and of 
the spores (12-14(16) X 3-4 At) of our plants are shghtly smaller 
than those given by European authors, but are not sufficiently 
different to be sigmficant Morgan UO) reports finding the 
species in Ohio 

Uachnella lbucophaea (Pers) Boud — On overwintered stem! of 
Arctium, Ann Arbor, May 6, 1933, Smith (33-23)^ This fungus 
is cited in literature under several names Philhps (12) gave it 
* See Povah (14) 
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the rank of a variety of Lachnella sulphurm (Pers ) PhiH , Rehm 
(15) called it Lachiium leurophaea (Pers) Karst The rough, 
coloreii, septate hairs, the unusually large, lance-shaped paraph* 
yses, and the varmblo spore size are good characters by hich it 
may be recognized 

LacHNtLiA TRRoiou (Sovv ) Phill var microspora, var nov ^ — In 
a discussion of the apt cies Lachnella tricolor (So>\ ) Pliill, Plullips 
(12) says “This is a rare species, easily recognized by its blue- 
gray exterior “ 1 he specific name, tricolor, refers to the blue-gray 
exterior, yellowish hyniemurn, and nearlv white stern Our speci¬ 
mens have these colors and agree in all other resiiects, with the 
exception of the size of the spores The spores of the Michigan 
specimens arc much smaller They measure only 5 6 5 X 1 1 6 ju, 
whereas the measurements given for L tricolor are 13 -15 X 2 
Morgan (10) reports from Ohio a species which is said to be 
“readily distinguished by the green color of ev try part con¬ 
tracted when dry and looking like minute yellowish-green specks 
of fluff ” The sfKjres of these plants mensure 7-9 X 2 ju Massec 
and Morgan described their plant under the name Ijochnum 
vtridultm The tncolor of our fungus relates it to the English 
plants rather than to the American collections with the all¬ 
green apothocia As they appear in the field on decaying wood, 
the apothecia so closely resemble PeniciIlium that it is quite 
possible that the ascmnycete has been mistaktii for the im¬ 
perfect 

On wood of Quercus sp Type collected at Oascade Glen, Ann 
Arbor, Michigan, May 10, 1913, by A H Smith (33 151), on 
docay^ wood, George Reserve, Univi rsity of Michigan, Pinckney, 
May 13, 1933, Smith (33-36) 

Lachnum hyalinellum Rehm — On cones of Ptcea manana (Mill) 
BSP, Mud Lake Bog, Whitmore Lake, May 28, 1933, Smith 
(33-106) Isle Royale, 1930, A H Povah (14) This interest¬ 
ing Species IS charactenzci) by its minute size and the pure white 
apothecia Tlie paraphyses are conspicuous on account of their 
s^pe and size They are bn>ad, sharply pointed, and exceed 

» loclMIa tricolor (Sow) PhiU var microspora, var nov , a forma typica 
differt aporia minonbus, 6 5 5 X 1-1 5 g Specimtn typioum in ligno quercino 
legit A H. Smith prope Ann Arbor, Michigan In Herb Univ Mich conaerva- 
tum eat «ub aumero 3£kl51 
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the £wci by fully 20 ju The aaci are slender and measure 35-40 X 
4-6 ju The hyaline hairs are blunt, of equal diameter, and rough 

Lacknuu oLANDiiSTiNUM (BuU) Karst — On fallen leaves of Voe- 
ctntum corymbosum L , Mud Lake Bog, Whitmore Lake, May 23, 
1933, Mains and Smith (M 33-60), same location, May 28,1933, 
Smith (33-107) This fungus resembles Lachnum calycula^ortne 
(Schmn) Karst ver lalebncolor Rehm, which is reported on 
Vacctmum uhgtnosum In the variety, however, the paraphyses 
are said to be in part filiform and in part lanee-shaped In L 
dandesixnum the paraphysea are conspicuously lance-shaped and 
taper to slender stalks with the widest part well below the tip 
The brown hairs are large and rough and are tipped with large 
crystals They frequently adhere in clusters and, with the crystals 
gone, give a false appearance of teeth at the margin Our col¬ 
lection seems identical with Sydow^s Myootheca Qertnanlca, 
No 1006 

Lachnum carneolum (Saco) Rehm — On Enpohimm calhihnx 
Cham, Mud I^ke Bog, Whitmore Lake, May 23, 1933, Smith 
(33-109), same location, May 28, 1933, Mains (33-672) This 
dehcate fungus measures only about 400 ft in height The 
apothecmm is thin and nearly transparent The very small aacl 
measure only 20-30 X 4-4 6 /i and contain spores 6-6 X 1 6 m 
T he parapbyses are sparse and extend about 10 m beyond the 
asci As Hehm (16) stated, iodine colors the aaous pore and also 
the tips of the hairs blue Lachnum Enophon (^^1) Rehm, 
which is reported on Enophorum laiifahum^ is a much larger 
fungus 

DASTSCYPHBLnA Cassandrae Transs — On living moss, Sphagnum 
sp , dead sticks, Mud Lake Bog, Whitmore Lake, June 11, 1931, 
Kanouse, on dead sticks of Chamaedaphne calyculaia^ same loca¬ 
tion, May 28, 1933, Smith, Lowe, and McFarland (S 33-110) 
The collection from Ide Hoyak, Michigan, described by Povah 
(18) as EnneUa haredits (Fp 497), is identical with those frmn 
Mud Lake Bog The paraphyses in all the apothema examined 
are filiform genus Ennella is commonly described as having 
lance-shaped paraphyses To take care of the Erinella-Iike fhn^ 
with filiform paraphyses Transschall (24) established the genus 
Dasyscyphclla and described B Casaandrae, which was collected 
on dead sticks of Cassandra (Chamaedapkns) calyevlaia in Russia^ 
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Saocardo and Sydow (20) transferred it to Krmella as E Ca^mn- 
drae (Tranzs) Saco & Syd Rehm, on the contrary, recognized 
the genus as valid, since he distributed an American collection as 
D VitiH (S) Rehm (Asoomycetes Exsiccati, No 1453) This 
number was examined by the author and the paraphyses were 
found to be filiform Clements and Shear (2) also recognize the 
validity of Dasyscyphella in their classification It seems to the 
author more logical to consider hnnella and Dasyscyphella dis¬ 
tinct genera 

Phaeohelotium, gen nov * — Ap<^thecia superficial, sessile to stipi- 
iate, at first turbinate, opening to a disk, finally convex and 
slightly umbilicate, soft, waxy, drying brittle to chalky, outside 
pulverulent, bright-colored, hypothecium thick, prosenchyma- 
tous, yellowish, asci cyhndncal-clavate, nmnded above and 
thick-walled at the apices, S-spored, spores ellipsoid to fusoid, 
straight or slightly bent, 2-celM, brown, paraphyses filiform, 
colorless, extending beyond the asci, numerous 
Phaeohelotium flavum, sp nov ^ (PI XV, ig 4) — Apothccia ses¬ 
sile to short-stipitate, suvierhcial, greganoua to caespitose, soft 
waxy when fresh, chalky to brittle when dry, at first cup-shaped 
or turbinate, finally opening to a dnk, convex and slightly um¬ 
bilicate or applanate, 1 -2 mm broad, 115 nun higli, hyraenium 
bright yellow to orange-yellow, margin white to pale yellow, ex¬ 
terior concoloroua, paler at base, delicately pulverulent, hyahne 
hyphae radiating from the base to the substratum, hypothecium 
tbek, prosenchymatous, the thin exciple formed of large, thin- 
wallod cells, hyaline or faintly yellowish, asci cylindncal-clavate, 
tapenng to a slender beise, rounded and thick-walled above, 100- 
125 X 8-9 M) 8-spored, the asous ptire colored faintly blue with 
iodine, spores subfusoid, straight to slightly bent, 2-celled, with 
2-4 large ml drops, brown, walls thick and somewhat rough warty, 

* PhaedMlottum, gen nov, sporii uniseptatis, fuscis, alibi ut m Helotio 
Bpeetez typiea, P JUwum, sp nov 

^ IPbaeolielotittiti flavum, ep nov, apothooita gesBillbua vel breviasime atipU 
tatis, Buparfioi^ibus, gregarliB, primum aubturbinato-cupulatis, delnde oon\exU 
1-2 min lati* diwra flavo mo* aurantio-flavido, excipulo oontexto cum hy- 
potbdcio proeenohymatoeo, awis cylindnoo-clavatw, long® pedioellatis, 100-125 
X 8-9 Ut 8-flport>» apiciw lodo coeruleo-tinctis, sports subfusoideui, rectis vel 
onrvaUir unlseptatis, fusus, pamphysibus copiosis, filiformibus Specimen 
typimim legit S B Mains prope Harbor Springs, Michigan In Herb Univ 
OonB^Ktum est snb numero 81-895 
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14-16 X 4-5 Ml paraphysea fihfonn, hyaline to faintly yellowish, 
2-3 M at the apices, exceeding the asci but not forming a definite 
epithecium 

On decaying log. Harbor Springs, Michigan, Sept 9, 1931 
Typo collected by Mains (31-895), on oak stump, George Re¬ 
serve, University of Michigan, Pinckney, Nov 1, 1931, Smith 
(31-1), on mossy log. Miner's Falls, Mumsing, Sept 5, 1932, 
Mams (32-678) 

This fungus could quite easily be mistaken for Hehiiumdirinum 
(Hedw) Fr upon superficial examination The dark color of 
the spore walls m P flavum is developed tardily, so that immature 
apothecia of the two species bear a close resemblance Honever, 
m mature apothecia the spores are dark-colored, with the walls 
frequently irregularly thickeneil, sf) that they are easily dis¬ 
tinguished from the hyaline spores of H ciinnum The spore 
characters, together with the prosenchymatous hypothecium, 
place this fungus m the section Phaeodidymeae of the Helotiaceae 

The genus Lambertella, described by Von HOhnel (6), has one- 
celled spores and a sclerotmm He (7) erected the genus Phaeoci- 
bona for dark-apored species lacking a sclerotiuni In it he 
placed MoUtaia tetnea Qu^l, which he considered to be “erne 
kurzteilige Cibona nut gef^lrbten Sporen" and he used the name 
Phaeoetbona Sejoumt (Boud) v H, since he considered Peziza 
B€)mTn% Jaap merely an immature form of Molhsta tetnea One 
other fungus with dark spores was reclassified by Von HShnel 
by the removal of Belontosc^ha malanoapora Hehm to the genus 
Scelobelomum proposed by him m 1905 This fungus has many- 
cellod spores 


Pezizaoivasi 

Sarcosphaera hinnulea (B & Br) Massee (PI XIII, Fig 3) - 
On Marchanita polf/morpha, Mud Lake Bog, Whitmore Lake, 
July 4,1933, Mams and Smith (M 33-673) Seaver (22) reports 
this species as growing on the ground Our plants can bo referred 
here, notwithstanding, since they agree in all respects other than 
that of substratum 

PiTYA CtJPBBBSi (Batsch) Rohm (PI XV) — On leaves of Junipefua 
hanzofUaha Moench , Botanical Garden, Umversity of Miehigan, 
Ann Arbor, May 27,1933, Mains (33-61), same location^ May 29, 
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1933, Smith (33-1160), and agam Sept 29,1933, Mams (33-666) 
The species is not uncommon in certain localities but, so far as 
we know, this is the first time it has been found in Michigan 

OF Michigan 
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EXPLANATION OF PLATE XII 

Fta 1 PyrewopAWjw ArtemiHOe (Lasch) Kohm var SoltAaginti Rohm On 
decaying stem of a eomposite X 16 6 

Fta 2 CaUcna Sol%dag%nu, sp nov On dead stenui of Soltdago tp X 16 5 

Fia 8 PhtaUa asuctdarum (RoUand) Rohm On fallen overwintered leaves of 
Lanx Urtcwa X 16 5 

Fia 4 PsftseRa ospwffuiofa (B ABr)Rehm On petioles of A dtanfum psdafwm 
X 165 



PL\n \ii 








IMMWAIION Oh Pl\ll Mil 

ri(j 1 J aptsia (Ptrs)ru(k 1 lu ftuhjculun) is pi imh m<ii y 1(> j 
1 lo 2 7api8ia Inidofunm (1 i ) Kihni mu fnlhx (Dtsm ) Kthm 10 > 

Fia 3 Sntco'iphiuui himmlia (H A Hi ) M i On Mwfhivdia pt>lu»tur)tha 
X lOo 







1 \1M W VMO\ ()I PI \I I \l\ 

1 lo 1 ( (tia Loiouftta (Mull) f)< \ot < i(> > 
h Ui 2 ( i^ftthtcnld Maftiia/tliat (Niiniiu rf ) >u(( lb > 

Prt 3 \ ri Mn<i iM »> p I • t f ulltHut \<tbinn (I)( Not ) Rr )un lb i 

I'IQ 4 ( aldt-ini 'idhitot (D< Not ) Hi Imi ^ !♦» > 



PIAli \I\ 










I\PTAN\ll()\ OF FI\1K \V 


f !G J ( oigt Ttict ps f/tlira(td«t (Tin k ) \ fl ><]<»» 

I i(j 2 / itga < Kpr^HHi (HaKOi) R« hm U> ) 

f H i \at mcu (((.htt tatfux (Pdh) I t On nf<(n( <if nulvrfitrt'i 

Ik \ Fhniohtlot tnn fhtvum n iii>\ ft sp !u\ V It 


X R» 



PLAII \\ 









A SUPPLEMENTARY NOTE ON LONGEVITY 
OF ASPERGILLUS ORYZAE AND 
RHIZOPUS NIGRICANS 

Al>ELrA McCREA 

AMONG the many interesting members of the AspergilH, A 
/x Oryzae (Ahiburg) Cohn is outstanding Aside from its botani¬ 
cal characteristics, thu species is so versatile for practical purposes 
that it has long been of great industrial and medical importance 
Because of Its strong diastatlc activity it is utilised for the lique¬ 
faction of starch m the preparation of such products as sake wme, 
soja sauce, takadiastase, and polynme Although it is a native 
species of Onental countries it has beoome widespread through its 
practical applications and because of the ease with which it can be 
maintained under ordinary laboratory culture 

One charactenstio of this species which has interested the wnter 
and to which attention has iM'eviously been directed is its persistence 
of hfe under adverse conditions I In 1919 (1) and again in 1927 (2) 
hvmg cultures were obtained from a tube of dry spore dust*’ of 
A Oryzae that had been collected and sealed in 1897, i e hfe had 
, persisted thirty years under unfavorable condilions The tube was 
rcsealed at once for another five-year interval 
, In 1932 the tube was again opened for further tests to be made 
Methods of opening, testing, and resealing followed the former pro^ 
oedure in all essential details Cultures were readily obtained upon 
a variety of media, thus extending the penod of survival of A Oryzae 
to thirty-five years This, so far as the writer knows, sets a record 
The tul^ was promptly resealed and should be tested again in 1937, 
after a Itmiee of anottu»r five years 

While the tube was opm in 1932 a portion of the contents was 
transferred to a small sterile tube stoppered only by a cotton plug 
Transifiants were made from this at monthly intervals, but under 
these conditions survival was not long After six months cultures 
could no lunger be obtained 
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An additional note may also be given here on the survival time 
of a culture of A Ory^ upon dried nutnent agar in an ordinary 
test tube In 1930 such a culture was reported by the writer (2) to 
have remained viable for eight years This can now be extended 
to ten years for Culture 116 growing on 4 per cent glucose agar 
medium Such a transplant consists, of course, of both dried my- 
cohutn and conidia, but was planted in the usual way without previous 
soaking or other treatment 

It is of interest that Rhttopus mgncanst umntentionaily included 
in the ongmal sealed tube, was no longer viable in 1932, although 
it had survived the thirty-year test in 1927 

Considering the three series of tests made with matonal from 
the ongmal tube sealed m 1897, it seems clear tliat (a) ABpergxllus 
Oryzae can survive under such conditions for thirty-five years or 
more, and that (6) Rhvsopit$ ntgricans, plus strain, can survive under 
such conditions for thirty years, but not for thirty-five years 

Pabkb, Davis Sc Compant 
Dvraonr, Micbioan 
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MICHIGAN FUNGI I * 

EDWIN B MAINS 


R ecords of the fungi of Michigan have been made from time 
to time by Longyear (31-03), Pollock and Kauffman (36), 
Kauffman (18-27), Kauffman and Smith (28), Povah (37-39), 
Bajcter (3-4, 6-7), Kanouse (16-17), Smith (42), and Chapman (11) 
Other reports are scattered through the literature 

During the past two years considerable attention has been devoted 
to a study of the myeologioal flora of northern Michigan In August 
and September of 1932 the writer, accompanied by Mrs Mains, 
made collections north of Harbor Sprmgs m the Lower Peninsula 
and between Mumsing and Marquette m the Upper Peninsula In 
June, 1933, accompanied by Dr A H Smith and J L Lowe, we 
made a study of the spring flora of the same areas In August and 
September of 1933, accompanied by Dr Smith, we collected north 
of Harbor Springs and in various parts of the Upper Pemnsula, 
principally north of Trout Lake and in the vicinity of Marquette 
Neither season was specially favorable on account of dry weather 
However, a surprising number of unusual fungi were collected The 
agarics are being studied by Dr Snuth and the Discomycetes by 
Dr Bessie B Kanouse and will be reported upon by them in oon- 
neotion with other material A number of the most interesting 
species in other groups will be discussed here, together with several 
miscellaneous collections which have been added to the Herbarium 
of the University of Michigan from time to tune and which it seems 
desirable to last in the records of the myeologioal flora of the state 
Unless otherwise indicated the determinations were made by the 
writer Collection numbers are given in parentheses, those of 
Smith being preceded by S 

ApoeTSinDitiM OtJBBNiaACi (Or) Boud — In running water, Wag¬ 
ner's Falls, Munising, June 9, 1933, A H Smith (S 33-222), 

* Papers fmm the Department of Botany and the Herbarium of the Uni¬ 
versity of Miehigaa, No. 470 
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det B B Kanouse Fovah (39) reports this species from Isle 
Royale also It apparently has b^n rarely collected in Midugan 
Durand (13) gives the distribution as New England states and 
Washington 

Apobtemidium vtBKiBBKOiDBs (Pk) Boud — Dtt submerged wood, 
Wagner's Falls, Munieing, June 12, 1933, A H Smith (S 33- 
4f07) This species apparently has not been previously reported 
Durand (13) gives the distribution as New Hamphira to New 
York 

CoBYKETBs EOBusTUB Durand — On wet soil, north of Newberry, 
Aug 30, 1933, E B Mams and A H Snnth (33-552) This 
species has been reported by Kanouse (17) from Rock River 
Durand (13) gives the distribution as Maine to Mississippi 

Leotu chlorocepiula Schw — Along brook, west of Marquette, 
Bept 6, 1933, A H Smith and E B Mains (33-^11) This is 
apparently the first report for the state Durand (13) gives the 
distiibutimi as New Hampshire to Alabama 

Leotu btipjtata (Bose) ^hrbtcr —On ground west of Mar¬ 
quette, Sept 9, 1932, E B Mams (32-671), Wagner's Falls, 
Munising, Sept 7, 1933, E B Mains (33-616), along Silver 
Creek, Emerson, Aug 25, 1933, A H Bmih and E B Mmns 
(33-500) This beautiful species has also been reported by 
Kauffman (18) from Emmet Co and by Povah (39) from Isle 
Royale 

MicBOOtosBUM OLrvACSTJM (Pers) QiU —In sphagnum, north of 
Newberry, Aug 28,1933, E B Mains and A H SmIUi (33-524) 
This is apparently the first report for the state Durand (13) 
gives the distnbution as the northeastern United States and 
Ontario 

TEICHOOWX9SUM Fablowu (Cooke) Durand — On groimd west of 
Marquette, Sept 9, 1933, E B Mams (32-670) Apparently 
the first report for the state Durand <13) gives the distiibothm 
as Vermont to Florida and Mississippi 

TaicHooi/Osauii Waltb^i (Berk ) Durand — Mud Lakei Whitmore, 
Aug 2, 1929, A. H Smith, det A H S , east of Miehlgamine, 
Sept 11, ld33, FL B, Mams (33-644) Apparently not previoudy 
reported from the state Durand (13) ^ves the distifbuUoxi as 
New Hampsbue to Alabama west to Minnesota 

iBBEamuABtB (Pk) Durand — In cedar swamp east vt 
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Miohigamme^ Sept 11, 1933, E B Mains (33-840) Povah 
(39) reports this species also from Isle Royale 
Mitrula morchelloides, sp nov — Sporophoribu^ grambbus, 13- 
20 mm longis, pilele pallida fuscis, oylindncis vel elllpsoideis, 
1*2 mm longis, 1 mm latis, ahquantulum irregulenter, longi¬ 
tudinal! ter Bulcatis, stipitibus filifonnibue, ascis clavatis, 30-50 
X 4-0 aplce paululum iodo coeruleo-t metis, ascospons fiisoideo- 
elhpsoideis, subinflexis, 5-7 X 2-2 6 paraphyeibus fiiiformibus 

In humida terra Specimen typicum m Herbano Michiganensi 
oonservatum, Wagner’s Falls, Mumsmg, Michigan, June 12, 1933, 
E B Mams (33-193) 

Sporophores slender, 18-20 mm long, pileus pale brown, cylin- 
dno to ellipsoid, 1-2 mm long, 1 mm wide, more or less irregularly 
longitudinally furrowed, stipe filiform, asci clavate, 30-50 X 
4-0 staming slightly blue with iodine, ascospores fusoid- 

elhpsoid, slightly curved, 6-7 X 2-2 5 ju, paraphyses filiform 
Plate XVIC 

In wet soil Wagner’s Falls, Munising, June 12, 1933, E B 
Mama (33-193) 

This is a dainty little species which is not likely to be found 
except by careful search It has a very distinctly ndged pileus 
It somewhat resembles MiiruUi tnusctcola P Henn and M 
Rehmn Bres These species, however, have a more cerebroid 
arrangement of the ndgea Hiey are yellow to orange and have 
larger asd 00-76 X 0-8 m# ascospores 10-13 X 2-3 m 
(D urand 13) 

ViBBiBSKA TRtJNcoRUM Ft — On rotting sticks in cold running water, 
near Big Qarlic River, Big Bay, June 13, 1933, B B Mains and 
A H Smith (33-199), south of Sand River, June 10, 1933, 
E. B Mains (^-360) Plate XVI A This mteresting species 
has been seldom cdlected in Michigan Povah (37, 39) has 
reported it from Vermilion and Isle Royale In 1933 it was found 
in considerable abundance, especially near Big Bay, where nearly 
every stick in certain brooks was covered with it 
CRTFtOKYCBS Ptbbiws (Ft) Rehm, ^ On Pkns aquihm, Rook 
Rlver> June 10,1933, E Mains (33-167), Whitefish, June 10, 
tm, E. B Mama (33^04), Harbor Springs, Aug 20, 1933, 
E B Mains (3^H^04) Plate XVI D This is apparently the 
Amt report of tins species for the state It probably is not an 
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uncommon parasite on Pierts aqmhna It is usually collected in 
the summer on the green fronds when the fungus is immature, 
occurring as black, oblong, sclerotium-hke masses on the fronds 
It was first located at Rock River in 1932 The locality was re¬ 
visited m the spnng of 1933, and abundant mature material was 
obtained on the dead overwintered fronds on the ground 
KfiiTHiA TRUJiNA Durand — On Thuja occuientalUf Copper Harbor, 
Sept 1, 1930, M W Gardner, det G B Cummins, Emerson, 
Aug 25, 1933, E B Mams (33-492) This parasite caused 
considerable defohation of white cedar m the upper Peninsula 
during the summer of 1933 The asci are t^o-spored (Plate 
XVIR), and the spores are two-celled, with one cell poorly 
developed and inconspicuous Durand (14) has discussed the 
relationship to other species of the genus, and Weir (44) has 
suggested possible means of control 
Lofhodermium jukiperinum (Fr) De Not —On Juntperus com^ 
munis, Ann Arbor, Apnl 22,1922, L E Wehmeyer, det LEW, 
Pinckney, July 25, 1933, E B Mams (33-406) This is not an 
uncommon species on jumper, but apparently has not been re¬ 
ported before from the state 

Nectria ochbolbuca (Scbw ) Berk — On Acer aaccharum, north 
of Ann Arbor, Oct 1931, D V Baxter, det H W Wollenweber 
This and the next species were attacking trees which had been 
injured by fire 

Nbonbctria cAESPrrosA (Fuck ) Wr — On Acer aaccharum, north 
of Ann Arbor, Oct, 1931 D V Baxter, det H W Wollenweber 
CuAViCEPS nigricans Tul —On Eleochans rosUUala, Pelllston, 
July, 1932, C D La Rue This is apparently the first report for 
the state Seaver (41) lists this species only from North and 
South Dakota 

Hypoxtw)n oixiMBBATUM Cooke — Ann Arbor, May 6, 1922, 
C H Kauffman, det J H Miller 
HypoxTix>N PAPiuJi^Tinn E dc E — On Ttlta sp , Ann Arbor, 1921, 
C H Kauffman, det J H Miller 
CoLBOSPORiOM Soi4DAaiNia (Schw) Thiim, I •— On Pinus rsmnosat 
Ann Arbor, June 15 to 24,1932, E £ Mains The aeoia of this 
rust occurs yearly in abundance in a pine plantation of the 
Forestry School of the Urfiversity of Michigan, as reported by 
Baxter (5) He notes that the aecia are associated rust on 
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species of SoUdago whereas species of Aster in the vicinity are 
free In the spring of 1932 aecia from this plantation wore used 
to inoculate Aster encoidest A laemSt A hieriftorus^ A macro- 
phyUiLBt A Novae-anghae, A pamculaluSt Soltdago htcoJor, 8 ca- 
nadenstSt and 8 aempervtrenSf which have been listed as hosts for 
the species Infection was obtained only on the species of Soli- 
dago, this indicates the existence of specialized races in this 
rust 

MfitAMPSORA Biolowh ThUm, I — On Lanx tonctna, Ann Arbor, 
May 25, 1933, E B Mams (33-67) Infection of Lanx was 
produced from inoculations with germinating teliospores from 
8al%x sp 

PHRAOMioitTM Andeesoni Shear, II, III — On PotenltUa fru^ 
ftcosa, George Reserve, Pinckney, Oct 10, 1931, E B Mams 
(31-844) This species is fairly common in the northern United 
States and Canada, but apparently has been seldom collected in 
the state 

PucciNU Antirrhini Diet Sc Holw, II, III — On Antirrhinum 
tna^u^, greenhouse of the Botamcal Garden of the Umversity of 
Michigan, Ann Arbor, April 2, 1933, E B Mams Plants being 
used in rust investigations developed abundant telia Telia in 
this species are not commonly produced 
PucciKiA ERiaKNiAB (Ortou) Arth, 0,1, III — On Engenxa huJbosa^ 
Ann Arbor, May 16, 1932, G W Fischer, det G W F This is 
apparently the first report of this species from Michigan Arthur 
(2) has reported it from London, Canada, and Oberhn, Ohio 
PrcaNLA ORAMiNTB PcTs sp f Phwii-pratensis, II, III — On 
Phleum praknee, Chatham, Aug 22,1932, E B Mains (32-206) 
The telia of the race on timothy are rarely collected 
PtrcciNU IhiDis (DC) Wallr, II, III —On Ins rerstcolor, near 
Lansing, Cot, 1932, G W fischer The teha of this rust are rare 
in the eastern Umted States (Mains 34) Telia of a portion 
of this collection were overwintered and when germinating m 
the spring of 1933 were sown on plants of Valenana offiandltSt 
wboh Transsohel (43) has shown to be the aecial host in Russia 
No infection was obtaued This result, tycen with previous 
results (34), indicates that the rust of Iris in the eastern United 
States ^ers from the Russian not only in its speciahsation to 
gpeoies of Iris but also in its aecial host 
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PXTCCINIA PARADOXIC A Rickep, III --On Meltca Smtihn, Chatham, 
Aug 22, 1932 (32-204), Au Tram Falls, Forest Lake, Aug 25, 
1932 (32-334), Miner's Falls, Mumsing, Aug 30,1932 (32-460), 
Rock River, Sept 1, 1932 (32 497), Au Sable Lake, Grand 
Marais, Sept 8, 1932, II, Chatham, June 17, 1933 (33-306), 
Au Train Falls, Forest Lake, June 17, 1933 (33-370) All col¬ 
lections by E B and E E Mains 
Pucctma paradozica was descnbed by P L Ricker (40, p 144) 
from a collection made by C F Wheeler at Chatham Station," 
Michigan, Aug 22, 1900 As Ricker notes, this rust is unique 
among species of Puocima on grasses on account of the con¬ 
spicuous vemicose markings of the teliospores, which take the 
form of somewhat irregular warts 
Previous to 1932 the rust was known only from the type col¬ 
lection One of the objects of the trip to the Upper PeninWa m 
1932 was to rediscover this species if posable A search in the 
vicinity of Chatham soon resdfced m the location of grass abun¬ 
dantly rusted By further search the rust was found in a number 
of localities It usually was restricted to fairly small areas, the 
largest being a stnp of about a mile along the path leading into 
Miner's Falls east of Mumsing Also an ex^nation of the 
phanerogamic collections in the University Herbarium resulted 
in finding a small amount of the rust on a specimen of Melieii 
Smi(hu, collected at Levenng, Emmet Co, July 19, 1920, by 
J H Ehlers 

As in the type collection, ail the specimens of 1932 had only 
tclia, in which a few urediniospores occurred After a careful 
search in the spring of 1933, two small areas of the grass fairly 
heavily rusted with uredlnia were discovered The description of 
this stage is as follows 

11 Uredima hypophyllous in chlorotic spots, oblong or linear, 
about 0 5-10 mm long, orange-yellow, early n^ed, pulverulent, 
paxaphyses numerous, capitate or clavate-capitate, periphsrai, 
40-70 n long with head 16~30Mbroad and stipe 4^p in diaineter, 
the wall tl^ about 05 p# uniform, urediniospores eUipsoid or 
subgloboid, 20-28 X 18-22 fi, wall pale ydlow, 2-3 m thick, 
moderately ednnulate, the pores obeoure 
PtTcciNiA RUBioo-vfiRA (DC,) Wittt 8p, f S»c4us (Erikss 4 Hesn) 
Carleton, 0, I — On Anchtm offlxmtdtB and Lucopm atptmmp 
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Botaaioal Garden of the University of Michigan, Ann Arbor, 
Sept 30, 1032, E B Mwns (32^853) Rye straw bearing teha 
of this rust was used to mulch plants of Anchusa offictnalt8f 
Cennihe minor, Cynogloaaum ojicinols, C ptctum, Eehtum vulgare, 
Lycopm arvenats, and Symphytum officinale in the late summer 
of 1032 Aecia developed only on Anchusa officinalis and Lycopsts 
arvensis This agrees with previous results obtained with this 
rust 

PucciNu SOROHi Sohw , 0,1 — On Oxalis comtcidoto, m a greenhouse 
of the Botanical Garden of the University of Michigan, May 20, 
1032, £ B Mains The aooia were produced by inoculating with 
telia from maiae 

PucciNiA Vinca® (DC ) Berk, II, III — On Vtnca major in green¬ 
house, Grand Rapids, May 10, 1020, G H C^'ocns This is ap¬ 
parently the only record of the rust for the state It has also been 
reported frcun Massachusetts 

UaoifYCKs FLECTENS Lagerh , III — On Tnfohum repens, Ann Afbor, 
Nov 0, 1031, E B Mains This is apparently the 6rst report 
for Michigan It is the short-cycled rust correlated with com¬ 
mon long-cycled species Uromyces Tnfoln Arthur (1, p 448) 
places U fleclens under Pucciniola nemphila (Grognot) Arth and 
desonbes pycma and aecia Dunng 1031 and 1932 this rust was 
repeatedly inoculated on white clover, with only the production 
of telia It would appear that there are two species Lagerheim 
(30, p 36) without question described the short-cycled rust, and 
it seems best to use his name 

AnaniuM amNOiDsuH Berk A Curt, 0, I — On Dirca pdu^ns, 
north of Pinckney, May 28,1032, £ B Mams (32-10) This rust 
occurred in such aJxindance that plants of Dirca could be located 
from a distance by their yeUow color Prc^essor Ernst A Bessey 
tells me he collected this rust In 1010 and 1020 in Gogebic and 
Alger counties 

BoonoNARTiUM MUSCicotA (Ft) Fitspatnck —On Thutdttm nw- 
mipAyUtm (det W C Bteere), maple woods near Turtle Creek, 
Bay Shore Drive, Menominee County, Aug 17, 1033, Carl O 
OfaflBl (3Q|^). Plate XVIIB This is the first report of this 
interesting s^es for Midugan Fitspatrick (15) has studied 
it and has eluded that it belongs m the Auriculariaoeae He 
suggests that it may represent an ancestral form of the rusts 
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Dacromtcss Ellisii Coker — On Alnm 9p , Rock River, Sept 12, 
1927, D Swarta, det G W Martin 

ExiDiA RBciSA Fr — Whitmore, Nov 3,1929, and Quincy, Nov 16, 
1929, B B Kanouse, det G W Martin 

Guepiniopbis bpathui^abius (Fr) Pat — Quincy, Aug, 1921, and 
Pinckney, July 4, 1930, B B Kanouae, det G W Martin 

THEtfBPRORA CABBPiTunANs Schw — On soiI in wooda, Ann Arbor, 
Sept 4, 1932, A H Smith (S 32-366), det A H S Burt (8) 
etates that this species is rare 

Cypheua fasciculata (Schw) Berk & Curt —On Salix, Ann 
Arbor, May 10, 1933, A H Simth (S 33-19), det A H S 
Povah (39) reports this species for Isle Royale also Burt (9) 
states that it is common on Alnus, but it has not been frequently 
ooUeoted in the state 

CrpHELLA suLPHtmEA Bafcsch ex Fr —On dead, decaying stems 
of Impatiens, along the Huron River, Ann Arbor, May 19, 1933, 
Smith, Mains, and Kanouse, det A H Smith Plate XVII C 
Apparently this beautiful species has not previously been re¬ 
ported from Michigan Burt (9) states that it is rare and lists it 
only from New York 

Cyphella Tiwab (Pk) Cooke —On rotting wood, Ann Arbor, 
May 27,1933, A H Smith (S 33^), det A H 8 Plate XVII A 
This apparently has been collected only a few times in Michigan 
Povah (39) reports it from Isle Royale, and Burt (9) hats a speci¬ 
men collected by G H Hicks, Michigan State College 

Physalacria inflata Pk — On rotten log, north of Harbor Spring, 
Aug 17, 1933, A H Smith (S 33-^), det A H S This is not 
an uncommon species, but is not ooUeoted frequently There are 
specimens in the University Herbarium from Bay View, Rock 
;Wver, VermiUon (Povah, 37), and Washtenaw Co (Kauffman, 
20) Its position IS uncertain in the classification of fungi It 
18 usually placed in the CUavanaoeae Kneger (29), however, 
states that the hymenium occurs on the lower surface of the 
pileus, which has obscure folds, and considers that it belongs in 
the Agancaoeae 

Typhuxa PHAcoRRRizA (Relch) Ff — Arising from burfed solefotia, 
Ann Arbor, Oct 23, 1931, E B Mains and A H Smith (31- 
730) 

ChiAVARu Cacao Coker — Cascade Glen, Ann Arbor, Aug 15,1932, 
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A H Smith (S 32- 299), det A H S This species has the odor 
of cocoa butter 

Clavaria citbicbps Atk — Lakeland, Sept 19, 1932, A H Smith 
(S 32-448), det A H S 

CtAVARiA nupES B A Rav — Under spruce, Ann Arbor, Oct 18, 

1931, E B andE E Mams Povah (37) has reported this species 
for Vermilion 

Clavaru QRACiLLtMA Pk —On rotting leaves, George Reserve, 
Pinckney, Nov 1, 1931, E B and E E Mams (31-571) 
Clavaria muoida Pets — With algae on rotting logs, etc , Lakeland, 
Nov 15, 1931, E B Mams (31-638), Whitmore Lake, Sept 8, 

1932, A H Smith, det A H S , Stockbridge, Nov 17, 1931, 
E B Mains (31-693), east of Marquette, Sept 4, 1932, E B 
and E E Mains (32-653) Plate XVIII A This species has 
also been reported by Pollock and Kauffman (36) from Ann 
Arbor On account of its algal association Coker and Couch (12) 
have suggested that it may be on the way to become a lichen if it 
IS not already one 

Clavaru OBttTSissiMA Pk — Cascade Glen, Ann Arbor, Aug 17, 

1932, A H Smith (S 32-304), det A H S Povah (39) reports 
this species from Isle Royale also 

Clavaria ornatipi!» Pk — On ground m sphagnum. Rock Raver, 
Sept 6, 1932, E B Mains (32-606) Plate XVIII B This is 
the first record for Michigan of this somewhat uncommon species 
Burt (10) places it in Laohnocladium 
Cyclomyckb Grbexh Berk —On soil in open woods, Lakeland, 
July 27, 1932, Sister Sylvia (Messmger), det 1^ E Wehmeyer 
Plate XIX B This is the first record for Michigan of this rather 
rare species Overholts (35) reports it from Ohio, Minnesota, and 
Iowa 

Boletus Cliktonianus Pk — Cedar Lake, Sept 24, 1904, C H 
Kauffman, Bay View, Sept 1,1906, C H Kauffman, Ann Arbor, 
Aug 14, 1925, C H I^uffman, Arm Arbor, Nov 13, 1931, 
E B Mams and B B Kanouse (31-743), Marquette, Sept 6, 

1933, E B Mains (33^) 

Boletus cyawescws Bull — Bay View, July 31,1906, C H Kauff¬ 
man, Houghton, July 26, 1906, L H Pennington, det C H 
Kauffman, Marquette, Aug 27, 1906, C H Kauffman, Ann 
Arbor, July 16, 1921, Helen Dykeman, det L E Wehmeyer, 
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Harbor Springs, Sept 13,1932, K B Mains (32-750) Longyear 
(33) states that this species is rare in the state 

Bolutus obnatwes Pk — Houghton, Aug 10,1906, L H Penning¬ 
ton, det C H Kauffman, Harbor Springs, Sept 15, 1932, E B 
Maine (32-788) Kauffman (18) has reported this species from 
Wayne County also 

Bolbtinus cAVieKS Kalohb — Whitmore Lake, Oct 2, 1929, A, H 
Smith, Oct 25,1931, and Oct 3, 1932, E B Mams, Marquette, 
Sept 10, 1933, B B Mams and A H Smith (33-639) Plate 
XX A Kauffman (18) has reported this species from Washtenaw 
County also 

Bolhjunus GRiSEiiLus Pk — George Reserve, Pinckney, Oct 9,1932, 
E B Mains (32-865), Marquette, Sept 5, 1933, E B Mains 
(33-603) Kauffman (18) reported this species from Washtenaw 
County 

Boletinus PAiiUSTEB Pk — Book River, Sept 6-8,1927, D Swarts 
and C H Kauffman, Marquette, Sept 4, 1933, E B Mains 
and A H Smith (33-596) This species has been reported by 
Kauffman (18) from Washtenaw County and by Povah (39) from 
Isle Royale 

Qaotibbia MOBCHELuroRMis Vill -Cascade Glen> Ann Arbor, 
Aug 18, 1932, A H Smith (S 32-313) Plate XIX A Kauff¬ 
man (23) collected this rare species m the same locality in Oct, 
1910 

Phallogastkk saccatus Morg — On rotten log, Pinckney, July 17, 

1930, B B Kanouse, det B B K Kauffman (20) has reported 
this species from Ann Arbor and states that it is rare 

Hydxanoium Fitspatbickh Zeller A Dodge — Cascade Glen, Ann 
Arbor, Sept 2, 1912, G H Kauffman, det Zeller and Dodge 

^ Zeller m a letter states that this is the second collection of the 
species 

Rkisopdoon bossolub (Corda) Zeller A Dodge — Oak woods, Ann 
Arbor, Oot 9, 1926, Mrs G H Kauffman, det S M Zeller 

M»tABroaAtfr»R vakiboatus (Vitt) Trel — Ann Arbor, Oot 2,1926, 
L E Elsvall, Oct 31, 1926, C Hv Kauffman, Oct 15, 1929, 
A H Smith All det by S M Zeller 

ScLSBODKBfttA Gbastbb Fp — GeoTgo Reserve, FInekney, Nov 10, 

1931, E B and E E Mams, det B B Kanouse Plate XX B 
This species apparently has not been reported previously* Coker 
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and Couoh (12) report this speoies for Flonda, North Carolina, 
South Carolina, and Tennessee 

Sphabrobolus stellatus Tode —On rotting logs and d^bns. 
Harbor Springs, Sept 10, 1931, E B Mams (31-783), Dexter, 
Oct 17, 1931, E B Mains (31-787), Ann Arbor, Oct 18, 1931, 
E B Mains (31-780) This species has also been reported by 
Kauffman (20) for Washtenaw County and by Povah (39) for 
Isle Royaie 
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NEW SUMATRAN PLANTS II 

ELMER D MERRILL 

I N THIS second paper a considerable number of species^ ongmally 
desonbed from extrarSumatran material are here recorded from 
Sumatra for the first time^ and the Sumatran ranges of others are 
extended The first paper of the senes appeared in the preceding 
volume of the Papers (19 149-904) 

QRAMINEAE 

Ebtanthus DSiaj&-8YLVA.E Ridl, m Joum Malay Branch Roy As 
Soc.» 1 110 1923 

Enan^us tsutfuUtanua Henr, in Fedde, Report , 22 349 1926 

Sumatra, Tapianoell, Slbolga to Taroetoeng, YaU$ £$S5, Apnl 29, 
1927, at the edge of the forest, altitude about 1000 m 

r have not seen the type of either i^oies, but rather confidently 
refer Yates 0SSS to Ridley's species (type from Bfirastagi), and reduce 
to it Henrard's species (types from Sibolangit and Habinsaran) 

COMMSLINACEAE 

FoRRfism iRRiTANB Rldl, in Jourm Straits Branch Roy As Soo , 
41 38 1904, FI Malay Pemn,4.361 1924 

Sumatra, East Coast, Vale of Tangga, below Adian Langge, 
Asahan, BctrikU 7707, May 12-21, 1927 Previously known only 
from the Malay Penimaila 

PHYTOLACCACSAE 

ParrotAOCA ioosandra Linn, Syst, ed 10, 1040 1759, Sp Pi, 
ed2,6ai 1762, H Walt.mPfiansenreioh,39(lV83) 60 1909 

Sumatra, East Coast, old jungle at edge of clearing near Aek 
Kaaopan, Iioendoet Conoeesfon, Koealoe, and Tapianpeli, Hoeta 
Qindjang (northwest of Balige), Toba, Bortktt 7006, 8^, March 
and June, 1927 A widely distiibuted tropical American species, here 
intiodnoed and naturalised as it is in Java 
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ANNONACEAE 

Drbpananthub prunifbrus Maing, m Hook f, FI Brit Ind, 
1 66 1872, King, in Ann Bot Card Calcutta, 4 48, PI 65 
1893, Ridl, FI Malay Pemn , 1 37 1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, Bartleti 7018, March 21, 1927 Malay Penmsula 

The flowers arc immature, the leaves are densely and softly 
pubescent beneath, varying from glaucesoent to ferruginous More 
complete material may prove that this Sumatran form is distinct 
from the one in the Malay Penmsula 

PoLTALTHiA BUiXATA King, lu Joum As Soc Bengal, 61 (2) 64 
1892 (Mater F1 Malay Penm, 1 313 1892), Ann Bot Card 
Calcutta, 4 79, PI 111 1893, Ridl, FI Malay Pemn, 1*65 
1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Conces¬ 
sion, Koealoe, Bartleti 7819, Apnl, 1927 Malay Peninsula, Borneo 

PotYALTHiA niDSMANTHA (Hook f & Th) Ridl, in Joum Straits 
Branch Roy As Soc, 75 6 1917, FI Malay Pemn, 1 49 1922 
Unona dematUha Hook f A Tb , in Hook f, FI Bnt Ind ,1*61 
1872, King, in Ann Bot Qard Calcutta, 4 60, PI 83 1893 

Sumatra, East Coast, Marbau, Bilah, near Bilah Pertama (Far- 
basiran), Rahmat 368, February, 1928, Aek Kanopan and Aek 
Sordang, Loendoet Conoeesion, Koealoe, Bartlett 6860, 7886, March 
and ApnJ, 1927 Malay Peninsula 

The pedicels of the Sumatra form are longer than those described 
for the type, varying from 2 to 5 cm in length 

Polyalteia sTEKOPBTAnA (Hoqk f dc Tk ) Ridl, in Joum Straits 
Branch Roy As Soc, 74 * 6 1917, FI Malay Pctin, 1 50 
1922, Fmet and Gagnep, in Mdm 8oc Bot fVanoe, 5 42* 1906 
(Contnb FI As Orient, 2 96 1907) 

Umna stemp^ala f dt Hi, FI Ind, 136 ISSS,^ King, in 
Ann Bot Card Cidoutta, 4 61, PI 85 1893 
t/parw mmftt Hook f, PI Bnt Ind, 1 61 1872, King, op* cU , 
61, PI 84 1893 
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Sumatra, East Coast, Goeraoh Batoe, Ycdes 1753, 1951 Malay 
Peninsula 

XvLOPiA FERRDoiNEiA (Hoolc f & Th) Hook f, FI Bnt Ind , 
I 83 1872, King, m Ann Bot Gard Calcutta, 4 151, PI 198 
1893, Ridl, FI Malay Pemn , 1 93 1922 
Habzelta ferruginea Hook f & Th , FI Ind , 123 1855 

Sumatra, East Coast, Bandar Pooloeh, Asahan, Yales 3147, 3563 
Malay Peninsula, Borneo 

CRUCIFERAE 

Cardamine africana Lmn, Sp PI, 655 1753, var borbonica 
(P crs) O Schulz, in Bot Jahrb, 32 415 1903, Koord Ex- 
kursionsd Java, 2 289, Fig 53 1912 
Cardamtne borbomca Peni, Syn , 2 195 1806 
Pteraneurum javamcum Blume, Bijdr, 51 1825 
Cardamine jcmntca Miq , Ulus FI Arch Ind , 17, PI 10 1871 

Sumatra, East Coast, DfilSng Singkoet, north of BSrastagi, Karo 
Plateau, Bartlett 6673, February, 1927 Bourbon, Ceylon, Java, the 
species is widely distributed m the tropics of both hemispheres 

CAPPARIDACEAE 

Cleomk ciliata Schum & Thom, in Dansk Vid Selskabs Skrifter, 
4 07 1827 (Beekr Gum Plant, 294 1827), Oliv, FI Trop 
Afr, 1 78 1868, Jochems, in Trop Nat, 82, Figs 1-2 1928 
Cleome gutneenns Hook , Niger FI, 218 1849 

Sumatra, East Coast, Kisaran, Asahan, Hamel 1501, October 14, 
1928, Soengei Bedjangkar, Batoe Bara, Rahmat I 4 I 8 , September 23, 
1928 Tropical AInca, Java, Penang, Singapore 

This is a recently introduced weed m Sumatra It was found 
also in Penang, Hamff $31, December, 1928, and in Smgapore, 
Olmena 33514f November, 1929, and occurs here and there in Java 
It is not mcluded in Ridley's Flora of the Malay Peninsula Mr 
Jochems has already recorded it from Sumatra 

SAXIFRAGACEAE 

PotTosiTA LATTFOUA BoUtr, in Bot Jahrb, 52 135 1914 
Pclyosma ftaomrens BUdl, ui Joum Straits Branch Roy As Soc, 
75*32 1917, FI MaUyPenin, 1 *686 1922 
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Folyosma vehUtna King, in Joum As Soc Bengal, 66 (2) 304 1807 
(Mater FI Malay Penin , 3 304 1897), non Blume 

Sumatra, East Coast, Bandar Poelau, Yates i6594 Malay Penin¬ 
sula and Borneo 

As Ridley notes, the Malay Pemnaula form that King ascribed 
to Polyosma vehdtm Blume is not closely allied to the Javan spe¬ 
cies, but he overlooked the publication of Polyoma latifoUa Bohltr 
(1914), which Is the same as P ftavovirens Ridl Now to Sumatra 

R08ACEAE 

pRUNua WAnucHii Steud , Nomencl, ed 2, 2 404 1841 
Cerame oeurninata Wall, List, no 722 1829, nomm nvdnm, PI Aa 
Rar,2 78, PI 181 1831 

Cerasus irUegerrtma Wall, List, no 722 1829, nomen nudum 
Prunue actminata D Dietr, Syn, 3 42 18^, Hook f, FI Brit 
Ind, 2 317 1878, Koehne, in Bot Jahrb, 62 296 1916, non 
Michx 

Laurocerasus aeumtnaCa M Roem , Syn , 3 92 1847 
Prunus tnteffemma Steud , Nomencl, ed 2, 2 403 1841 
Cerasus Walltchn M Roem , Syn , 3 81 1847 

Sumatra, East Coast, D^lSng Singkoet, north of B^rastagi, Karo 
Plateau, BarikU June 24, 1927 Himalayan region to Burma, 
Siam, Yunnan, and Indo-Chma 

A rather critical comparison of this excellent Sumatran specimen 
with material from Sikkim, Siam, and Indo-Ohina dhows no charao- 
ters by which 1 can distinguish it from Prunus Walhchtt Steud It 
is clearly not Prwnwa Porbestt Koehne, type from Sumatra, which, 
incident^y, Hallier f states cannot be distinguished from Prunus 
javansca Miq PossiWy BartleU 8661, from the same locality, is 
referable here, but my specimen has abnormal infiorescenoes with 
only very immature buds 

LEQUMINOSAE 

PrriTBOKUiOftnru contoutum (Qrah) Mart, in Flora, 20 (2) Beibt 
114 1837, Pram ex King and Gamble, in Joum As^^Boc Beit- 
gat, 66(2) 272 1897 (Mater FI Malay Penitt,3 272 1897); 
Ridi, FI Malay Penia, I 664 1922 
/nga ptmUrrUi Grab , in Wall, List, no 5283 1832, nomen nudum. 
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Sumatrai Laat Coasts near Aek Sordang, Loendoet Concession, 
Koealoe, BarOeU 7679, 7694, Apnl 30 and May 3, 1927 Malay 
Peninsula, Penang 


RUTACEAE 

Evodia speciosa Reiohb f A ZoU ex Teysm & Bmn, in Nat 
Tijdschr Nederl Ind, 29 256 1867, Hoohr , PI Bogor Kxsic , 
52 1904 (No 110) 

Sumatra, East Coast, Goerach Batoe, Asahan, Yates 1887, 
Dfilfing Smgkoet, north of B^raatagi, Karo Plateau, Barth^U 8663, 
June 27, 1927 Java 

The Sumatran form apparently has larger fruits than the Javan 
one, and may eventually be shown to represent a distinct species 

Mbrriixia caloxylon (Ridl) Swingle, in Philip Joum Sci Bot, 
13 338, Pis 6-6 1918, Ridl, FI Malay Pemnsula, 1 354, 
Fig 36 1922 

jhTurroya ealoxylon Ridl, in Joum Straits Branch Roy As Soc, 
50 113 1908 

Sumatra, East Coast, Silo Maradja, Asahan, BarileU 7190, 8461, 
Apnl and June, 1927 Malay Peninsula and Siam, the genus is 
new to Sumatra 

Paramiqnya andamanica (King) Tanaka, in Bull Soc Bot France, 
76 712 1928 

Paramtynya armata Ohv var andamamca King, m Journ As Soe 
Bengal, 66(2) 223 1893 (Mater FI Malay Penin, 2 465 
1893) 

Sumatra, East Coast, Damoeli, Koealoe, Rahmat 1631, October, 
193S« Andaman Islands, Indo^China, Borneo [Wood 1270 det 
Tanidca), Sumbawa, new to Sumatra 

ZANTHOXVLtTM ACANTRoronxuM DC, Prodf^ 1 727 1824, Hook 
f.,Fl BHt Ind, 1:493 1876 

Sttlnntra, East Coast, B^rastagl, Yatee 164S, April 16,1926 
The stpe^en agrees closely with Indian tnat^al and with the 
pttlHished d€»oriptiona Subtropical Himalaya and the Kbasia Moun¬ 
tains^ n«nrto£^atnu 
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MELIACEAE 

DysoxyIiUM cauuvlorum Hiem, in Hook f, FI Bnt Ind , 1 549 
1875, C DC,Monog Phan,l 498 1878, King, m Journ As 
Soc Bengal, 64(2) 45 1895 (Mater ii Malay Penin, 2 533 
1895), Ridl, FI Malay Pemn , 1 396, 40 1922 

Sumatra, East Coast, old jungle near Aek Kanopan, I^ndoet 
Concession, Koealoe, BartUU 75-^7, April, 1927 Malay Pemnsula 

POLYGALACEAE 

PoLYGALA PFRsicARiAEFOiuiA DC, Prodr, I 326 1824, Chodat, 
ID M4m Soo Phys Hist Nat Geneve, 31(2) 331 1893 

Sumatra, East Coast, Simcloengoen, Yates 10^0, beUveen langga 
and Pardoeaan, Habinsaran, Tapianoeh, Bartldt 7779, May, 1927, 
D515ng Piso-plso, Karo Plateau, Bartlett 6584, January, 1927 India 
to southern China, Luzon, Java, Timor, and tropical Australia, not 
recorded from the Malay Peninsula The Sumatran form is ap¬ 
parently the var Walhchtana Chodat, I c 

El/P/fOEB/ACEAE 

Acalytha bbachystachya Hornem, Enum PI Hort Hafn, 1 
1807, Hort Bot Hafn, 2 909 1815, Pax and Hoffm, m 
Pflan«5nreich,81(IV147 XV) 101 1922 

Sumatra, East Coast, lower slopes of D^15ng Sibajak, and K5ban 
Djahe, Karoland, I/amel <fc Rahmat 749,670a, June, 1^8 Extending 
from tropical Africa through tropical Asia to southeastern China and 
Java, but not previourfy recorded from Sumatra 

Apobosa aurba Hook f, FI Bnt Ind, 6 361 1887, Pax and 
Hoffni,inPflan»enreich,81(IV14r XV) 87 1922 

Sumatra, East Coast, Marbau, near Bilah Pertama (Parbamtan), 
Rahmat 880, March, 1928, a staminate specimen Malay Feninsuiai 

Baccaurea GnimTHif Hook f, FI Brit Ind, 6 371 1887, Pax 
and Hoffm, in Pflanzonreich,81 {IV 147 XV).66 1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, Bartiett 7978, March 24, 1927 Malay Peninsula 
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Boteyophora Kinqii Hook f, FI Bnt Ind, 5 476 1888, Ridl, 
FI Malay Pemn , 3 282 1924 

Sumatra, East Coast, Silo Maradja, Asahan, Bartlett Apnl, 
1927, near Taloen Djonng, Rahmat December, 1927, Damoeh, 
Koealoe, Rahmat October, 1928 Malay Peninsula, Siam 
Two of the specimens have male flowers, the others are sterile 
Ridley m 1924 cited but two collections and stated that the female 
flowers and fruits are unknown I strongly suspect that the genus 
belongs in the Euphorbtaceae-Acalypheae-Mercunalinae, although 
Pax and Hoffman do not admit it in their monographic treatment 
of 1914 ^ As noted by Hooker f in the original description, the 
structure of the anthers is very characteristic Material with pis¬ 
tillate flowers and fruits is much needed 

Bbiogua retcsa (Linn) Spreng, Syst, 3 48 1826, JabI, m 
Pflan*enreich,65(IV147 VIII) 69, Fig IF, 12 C-E 1916 
Cluytia retusa Linn , Sp PI, 1042 1753 

Sumatra, Tapianoeli near Kota Napan, YcUea £406f in open 
forests and grasslands India and Ceylon to Burma, Siam, and the 
Malay Peninsula 

Trioonostbmon stJMATRANus Pax A Hoffm, in Pflanzenrelch, 47 
{IV147 III) 90 1911 

Sumatra, Eant Coast, Bandar Poeloeh, Asahan, Yates 1789^ 
August, 1925, Damoeli, Koealoe, Rahmat I614y October, 1928, near 
Aek Sordang and Aek Kanopan, Loendoet Concession, Koealoe, 
BarHsU 6961, 6969, 6976, 7618, May, 1927, Silo Maradja, near 
Taloen Djonng, Asahan, Rahmat 69, December, 1927, between 
Bangoen Dolok and Dolok Maradja, Asahan, Rahmat 1£1£, 1££6, 
September, 1928, Hamel i£40, September, 1928 

It is apparently this dioecious species that is well represented by 
the foregoing series of specimens with excellent staminate and pis¬ 
tillate flowers and fruits Fax and Hoffmann's desenption was based 
on a fragmentary specimen {Forhes £647) The stammato specimens 
rather closely approximate Hmry 11947 from Yunnan, the type 
collection of Triganostenum thyrsoideus Stapf, which, however, Pax 
and Hoffmann indicate aa having glabrous ovaries, in the Sumatran 

^ P<l»ns©w^.68aVl47 VII) t-472, Pigs 1-67 1914 
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material cited above the ovaries are pubescent The pistillate in¬ 
florescences are racemose, not paniculate This Sumatran species 
18 apparently very closely allied to Tngonostemon maktccanus Muell - 
Arg of the Malay Peninsula 

CELASTRACEAE 

Cblastrus BiAnAYBNSis Radi, in Joum Straits Branch Roy As 
Soc,75 18 1917, FI Malay Pemn,l 451 1922. 

Sumatra, East Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, BartleU O804f >laroh 12, 1027, Malay Peninsula 

This seems to be the same as the Malay Peninsula form described 
by Ridley as Celaetrus malayenete, a form confused with Celastrue 
Champtont Benth, but one having much smaller fruits than the 
Chinese species 

ICACWACEAE 

Gonocaryum MBLANocABPiTM Hochf, PI Bogor Kxmc, 42 1904 
(No 87), Bull Inst Bot Buitenzoitg, 22 49 1905 

Sumatra, East Coast, Kuala Masihi, Asahan, Yoke IBS80, Dolok 
Marad)a, Asahan, Rahmat 148^^^ October 7-8,1928 

This species was imperfectly described from specimens culUvated 
in the Botamc Garden at Buitensorg, Java, ongin unknown but 
evidently from some part of the Netherlands East Indies The 
Sumatra specimens veiy closely match Ffochreutiner 87 (Garden 
number 111 G 105, 106), except m ^eir apparently smaller fnut, 
although Hochreutmer gives no fnut measurements A drawing 
distnbuted with specimen No 87 shows the fruits to be about 5 5 cm 
long In the specimens here referred to Gonocaryun imhnccarptm 
Hochr the fruits are 2 5 cm long 

ELAEOCARPACEAE 

EnAiiocARPU»PARVm)titJsWall,IM,uo 2662 1831,wwnennudum, 
K Muell, Annot Fam Maeocarp, 24 1849, Mast, m HooH 
£, FI Bnt Ind, 1 401 1874, Ridley, FI Malay Penin, 1 310 
1922 

Sumatra, East Coast, near Aek Kanc^an, Loendoet Conoefr^ 
don, Koealoe, a large tree, Barrtelf 7318, April, 1927 Malky Penin- 
fula^ Borneo, 
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STERCUUACEAE 

Byttnbru Curtisii Oilv m Hook, lo , 18, PI 1761 1888, King, 
in Journ As Soo Bengal, 60(2) 00 1891 (Mater FI Malay 
Penm,l 199 1891), Bidl, FI Malay Penin,l 287 1922 

Sumatra, East Coast, Masihi, Asahan, Fa/<;a Marbau, 

Bilah, near Bllah Pertama (Parbasiran), Rahmai March, 1928, 
near Aek Kanopan, and Aek Sordang, Loendoet Concession, Koealoe, 
BartleU 7S84t 7S10, 7341 1 Apnl, 1927, Malay Pcmnsula 

Byttnebia Jackuka Wall, m Hoxb FI Ind , 2 386 1824, Mast, 
in Hook f, FI Bnt Ind, 1 376 1874, King, in Joum As 
Soo Bengal, 60(2) 92 1891 (Mater FI Malay Pemn, 1 201 
1891), IUdI,Fl Malay Penm,l 287 1922 

Sumatra, East Coast, Bandar Poeloeh, Asahan, Yates 3313j 
Malay Peninsula 

The generic name is usually spelled Bueitnenat but Loefiing's 
original spelling is Bytinena 

VIOLACEAE 

Rinorka comoba (King) Merr, in Joum Straits Branch Roy As 
Soe, Spec No 410 1921 

AUodeta comosa King, in Journ As Soc Bengal, 58 (2) 407 1889 
(Mater FI Malay Penin, 1 51 1889), BrUhl and King, m 
Ann Bot Oard Calcutta, 5(2) 127, PI 146B 1896, Ridl, FI 
Malay Penin, 1 133 1922 

Sumatra, Eaat Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, BartkU 6874^ March 12, 1927, Marbau, Bilah, near Bilah 
Pertama (Parbasiran), Rakmat US, March, 1928 Malay Pemnsuia, 
Borneo 

RmOBSA KCNaxLEBtANA (King) Taub, in Engler and Prantl, Nat 
Paati«eiifam,3(6) 329 1895 

AUodsus KunsUertana King, in Joum As Soo Bengal, 58 (2) * 401 
1889 (Mater FI, Malay Penin, 1 45 1889), BrUhl and King, 
In Ann Bot,Gard Calcutta, 5 (2) 123, PI 141 1896, Ridi,FI 
MiOay Peaiin, 1 128 1922 

Sttmatra^ Bast Coast, Bandar Poeloeh, Asahan, YaUs $049; Silo 
Marad}% ganm 8470,8m, June, 1927 Malay Peninsula 
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Rinobka Waluchuna (Hook f & Th) 0 Ktao, Rev Gen FI, 
42 1S91 

AUodeta WaUtchtana Hook f <fe Th, m Hook f, FJ Bnt Ind, 
1 187 1872, King, in Journ Aa Soc Bengal, 58(2) 400 1889 
(Mater FI Malay Penin , 1 44 1889), Ridl, FI Malay Pemn, 
1 128 1922 

PerUaloba macropkyUa Wall, List, no 4024 1831, notnen nudum 

Sumatra, East Coast, Aek na Gerger, between Djciema Tombak 
and Taratak, Tanah Djawa, Simeloengoen, Barilett 8^0^ 8^34, 
June 7“-8, 1927 Malay Peninsula, Penang, Borneo (Samawang 
River, near Sandakan, C Boden Klos8 186$5) 

MELA8TOMA TACEAE 

Blastub CoQNiAUxn Stapf, m Hook , Ic , 24, PI 2311 1894 

Sumatra, East Coast, Adian Langge, Asahan, Kates iSSS^ 3355^ 
near Pargambiran, Asahan, Barilett 67S‘?t February, 1927 Malay 
Pemnsula, Borneo 

Dibbochabta sumatrana Boerl & Koord , m Koord -Schum , Syst 
Veraeich Herb Koord, II Sumatra, 46 1911 § Dtploide* 

mones 

Frutex scandens, folus subtus et ramulis ot inflorescentus minute 
sed distincte oonsperse lepidotuhs, lepidulis castaneia, mmutissime 
stellato-puberulis, glandulas simulantibus, ramus ramulisque tereti- 
bus, ultimis circiter 2 mm diametro, foliis subcorioeeiB, oblongo- 
ovatis vel oblongo-lanceolatis, ngidis, aouminatis, liasi late rotundatis 
vel leviter cordatis 3- vel 5-nervu8, 0 ad 10 cm longis, 2 5 ad 4 cm 
latiB, supra nitidis, plerumque in aiceitate pallide viridibue, nervis 
transversalibus subtus perspievus, rectis, utrinque usque ad 16, 
petiolo 0 8 ad 1 5 cm longo, paniculis termlnalibus, 10 ad 20 cm 
longis, rainis infeHonbuB usque ad 0 cm longis, bfacteis dedduis, 
ut videtur parvis, floribus rosaoeis, 4*-meris, oalyoe cylindnoo- 
Urcoolato, 0 mm longo, consperse minute stellato^epidoto, tubo 
basi aouto, subcylindnco, 2 ad 2 5 mm diametro, obscure 4rdentato, 
petalis 4, ovatis, obtuds, 8 mm longis, staminibus 8, inaequalibus, 
maionbus filamentut 5 mm longis^ anthens lanoeolatis, acummatiSi 
S mm longis, oonnectivo postice appendiculato, appendidbus ob* 
longia vel lanceolatis, tenuibus, aeuminatls, 12 ad 15 mm longis. 
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antioe appendioibus 2 setiformibufi instruoto, sctis antheras sub- 
aequantibuB 

Sumatra, East Coast, near Aek Kanopan, T^oondoet (’onces- 
sion, Koealoe, BajtleU 6900^ 6996, 73t6, March and April, 1927 
A species allied to Dtssochaeia punctulata Hook f of the Malay 
Pcmnsula, but the scattered indumentum is steliato-kpidotc, not 
furfuraooous 

This amplified description is supplied on the assumption that the 
specimens cited represent Dtssochaeta mmatrana Boerl & Koord 
The original imperfect descnption is as follows Dissockaeta sumor 
irana Boerl & Koord — Frutex (7) scandcns, D punchculatae HfX)k 
affinis, tamen caJyoe glabro puncticulato nec furfuraceo differt Folia 
ovata 7 X 3 cm Petiolus i cm longus Calyx fructiferus 6 mm 
longus” Ihe type is Koordera ^SSSO from Sangkamiang, Central 
Sumatra The amplified description given above was ongmally pre» 
pared on the assumption that an undesenbed species was represented 
by the recent collections 

UMBELUFEEAE 

Obnanthiu linbakis Wall, List, no 586 1829, nowe?i nudum, DC , 
Prodr, 4 138 1830, C B Clarke, in Hook f, 1*1 Bnt Ind , 
2 696 1879 

Sumatra, Tapianocli, Si Makkoek, on the Toba trad north of the 
Asahan River, BariUU 747S, April 23, 1927 Bntish India 

Tonais anthriscus (Linn ) Gmel, FI Bad, 1 615 1806 
Tordylium ardhnacua Linn, Sp PI, 240 17^ 

Sumatra, East Coast, Asahan, Yalea 1666, Tapianoeli, between 
Panapparan and Pagar Batoe, Habinsaran, BartUU 79i 4, May, 1927 
Widely distributed m Europe and Asia, recorded also from Java, but 
not known from the Malay Peninsula 

PRIMULACEAE 

Lysikachia japonica Tliunb , JI Jap, 83 1784, Knuth, m Pflan- 
«enmch,22(rV237) 262 1905 

Sumatra, East Coast, between Panapparan and Pagar Batoe, 
Habinsaran, Tapianoeli, Bartiett 7896, May 17,1927 India to Japan, 
southward to luioii and Java, introduo^ in Australia No repre- 
wntaUve of the genus is as yet recorded from the Malay Pemneula 
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I^AEIACEAE 

Faqbasa AcuMiNATissiMA Merr , in Journ Stmts Bi*aQch Koy As 
Soc, 77 232 1917, Camel, m Bail Jard Bot Buifcenaorg, III, 
5 330, Fig 9 1923 

Sumatra, East Coast, Bandar Poelau, Asahan, Yates S387 
Borneo, Banka, the Raouw Archipelago, and the Mtday Peninsula 

Faqraha TaysMANKn Camel, in Bull Jard Bot Buifcensoig, III, 

5 314, Fig 3 1923 

Sumatra, East Coast, Damoeli, Koealoe, RahmcU l$43j 1406t 
September, 1928 Previously known from Borneo and the Kmramata 
Islands 

APOCYNACEAB 

PoTTSiA LAXiFLOBA (Blumo) 0 Ktsc, Rev Gen PI, 416 1891 
VaUans laxtflora Blume, Bgdr, 1043 1826 
PoUsui carUontensts Hook A Am, Bot Beeohey's Voy, 199, PI 43 
1836, RidJ, FI Malay Penin, 2 352 1923 
Te^smanma laxiflora Miq, in Verri Med Kon Akad Wetensch, 

6 194 1857, Fi Ind Bat, 2 455 1856 
Parapets laxt^ra Miq , FI Ind Bat, 2 1080 1866 

Sumatra, Tapianoeli, Kotos ^SSif May 29, 1927 Southern and 
western China, to the Malay Peninsula and Java 

RAVWonriA PKaAKSNSXs Kmg A Gamble, m Journ Ae Soc Bengal* 
74(2) 424 1907(Mater FLMalay Penin,4 634 1907), RldP 
FI Malay Penin, 2 335 1923 

Sumatra, East Coast, Vale ^ Tangga, Asahan, BarUett 77j^, May, 
1927, Silo Maradja, Asahan, BarUeU 6370, 766$, January, Apdl, 
1927, near Aek Sordang, L^doet Conoesdon, Koealoe, Bartht^ 
T66$a, 7371, April and May, 1927, B5rastagi, Kam Plateau, Barti^U 
63$6, January 30, 1927, BM4ng Koetoe, near Kampong Ooerslnga, 
Karo Plateau, BarUeii 8340, June 2$, 1927, between Marantl and 
Bawah Sa Batoe Roewan, Habinaaran, BcaiM 78e9s May, 1927 
Malay Peninsula 

Rhynchopu bhtnchosfebma (Wall) K Sohum, in Engier and 
Prantl, Nat P6ansenfain, 4 (2) 173« 1895 
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Echttee rkynchoeperma Wall, PI As Rar ,1 43, PL 49 1830 
Rhynchoepermum WaUtchtt A DC , Prodr, 8 431 1844 
Rhyiw^taWaUtchitBmth ex Hook f,Fl Bnt Ind,3 667 1882, 
Radi,FI MalayPenin, 2^361 1923 

Sumatra, East Coast, between Tanah Datar and Tandjoeng 
Tiram, Batoe Bara, Bartlett 7158, April 10, 1927, Batoe Bara, Yaiee 
$S65, Goerach Batoe, Asahan, Yatee 1656 India to Indo-Chma, 
Hainan, the Malay Peninsula, and the Philippines 

Tabemaemontana cyliodrocarpa (Kmg A Gamble), comb nov 
Ervalamta oylindrocarpa King A Gamble, in Journ As Soc Ben¬ 
gal, 74 {2) 452 1907 (Mater FI Malay Penin, 4 662 1907), 
Ridl,FI Malay Penin, 2 344 1923 

Sumatra, East Coast, Damoeli, Koealoe, Rahmai ISI 4 , IS 40 , 
lS7Sf September, 1928 Malay Peninsula 

There are no mature dowers on my specimens, only immature 
buds The material agrees closely with the detailed ongmal descrip¬ 
tion except that the follicles, which are 7 cm long and 7 mm thick 
when dry, arc stipitate and long-rostrate, the terminal beak being 
slender and about 3 cm long 

Vallabxs Mainqayi Hook f,Fl Brit lnd,3 651 1882, Eidt,Pl 
Malay Penin, 2 351 192^ 

Sumatra, East Coast, Kampong Loendoet, Koealoe, BarUett 71^4, 
March 31, 1927 Malay Peninsula 

There seems to be htUe reason for retaining these species, erect 
shrubs or trees with axillary flowers, m Vallaris, the type of the 
genus being a very dififerent soandent species, Vallam pergulana 
Burm f For these arborescent species the gencnc designation Para- 
vaUaris Herre is available, but it is not clear in my own mind that 
this group is genetically distinct from Kibataha G Don (Kiekxla 
Blume) 

H YDROPHYllACEAE 

WiQANDU KuNtetu Chow, ^ ^ Hist Nat Gen5ve, 

6.116 1833, DC, Prodr, 10 184 1846, Brand, m Pdansen- 
r^h,5daV251) 136 1913 

fiotnattia, East Coast, B6rastagi, Yoke iOtM, D5ieng Singkoet, 
Kavo Platen^ BexrfMf 6585, February, 1927 
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Widely distributed in Mexico and Central Amenca, introduced 
into other tropical countries as an ornamental plant, and m places 
naturalised, as it is in Sumatra 

LABI ATAE 

OoMFaosTEACHA Mif RocALYX Pram, in Joum As Soc Bengal, 
69(2) 316 1891, and in Ann Bot Card Calcutta, 3 261, 
PI 84 1890, King and Gamble, op <nl, 74(2) 723 1907 
(Mater FI Malay Pemn, 4 933 1907), RfdJ, FI Malay 
Pemn,2 652 1923 

Sumatra, East Coast, Bandar Poeloeh, 17$8, Aek na 

Gerger, between Djoema Tombok and Taratak, Tanah Djawa, ^me- 
loengoen, Bartlett 8241) June 7-8, 1927 Malay Peninsula 

The Sumatra specimens veiy closely approximate Pram*s species, 
to judge from the illustration and descriptions cited The very 
slender corollas are shorter than in the Malay Peninsula form, attain-^ 
mg a length of only 2 cm 

Gomphostemma OBUINOUM Wall, List, no 2164,1830, nomen nudum, 
Benth, in Wall, PI As Har, 2 12 1831, Pram, m Ann Bot 
Gard Calcutta, 3 261, PI 95 1891, Ridl, FI Malay Penin, 
2 663, Pig 131 1923 

Sumatra, East Coast, Bosar Si Pinggan, Asahan, Hamel 1167) 
Bgrastagi, Karo Plateau, BartkU 6627, Votes 1676, Swbaktl, Karo- 
land, Hamel and Bahmat 670, June 21, 1928 

Burma to Indo-Ghina, the Malay Peninsula, and the Andaman 
Islands This may be the B6rastagi form referred by Ridley to 
QcmphoeUmma phUmmdes Benth 

Mosla dunthera (Ham) Maxim, m Bull Acad Sci St P4tersb, 
20 456 1875, M4l Biol, 9 431 1875 
Lycopu$*dtanlhera Ham , in Roxb FI Ind, 1 145 1820 

Sumatra, East Coast, Dolok Si Hia*Ha, and lalang bench between 
Tangga and Pardoeaan, Habinsaran, Bartlett T 4 SI, 7761, Apnl and 
May, 1927 

The genus is new to the Malaysian region except for the occur¬ 
rence of one species m northern lai^n In the absence of flowers 
I refer this to the Indian form onginally described hy Hamilton 
The seeds are, however, reticulate, but not at idl flatten^, the latter 
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being a character used by Dunn, Notes Bot Gard Edxnb , 6 154 
1915, for distinguishing Mosla dxanthera Maxim from M lanceolata 
Maxim , but all my Japanese material of M punctata (Thunb) 
Maxim has reticulate, not at all flattened, seeds It is possible that 
this Indian and Sumatran form cannot be distmguished from the 
Japanese-Chinese Mosla punctata (Thunb) Maxim, m which case 
the latter name should be accepted 

GESNERIACEAE 

Twchosporum longiflorum (Blume) 0 Ktae, Rev Gen PI, 477 
1891 

Ijyswnotus longtflorus Blume, Bijdr, 706 1826 
Aeschynanihtts lonytftorus DC, Prodr, 9 262 1846, C B Clarke, 
in DC , Monog Phan, 5 32 1883 

Sumatra, East Comt, D5i5ng Piso-piso, Karoland, Hamel and 
Rahmat 710, June, 1928, slopes and summit of D5l5ng Baroes, 
Karoland, Barthti 8603, June, 1927, D516ng Si Naboen, ascent from 
Kampong Qoeroe Kinajan, Karoland, Baitlett 8630, June, 1927, in 
the United States National Herbanum Malay Peninsula, Borneo, 
Java 

ACANTHACEAE 

HyoBOPHiLA BAXATiLis Ridl, in Trans Linn Soc, Bot, 3 333 
1893 

Sumatra, East Coast, between Soenggapa and Pargambiran, 
Asahan, BartleU 8166a, May, 1927 Ceylon, Malay Peninsula, 
Indo-Cluna, Borneo, and the Philippines 

Rubuja tubekosa Linn, Sp PI, 635 1763 
Cryphacanthus harbadenm Nees, m DC Prodr, U 197 1847 

Sumatra, East Coast, Asahan,. Tandjong Batu, Yates 183S A 
native of tropical America, mtroduced and more or less naturaUsed 
here, as it is in parts of India, in Singapore, Borneo, and Java 

RUBIACEAE 

Borkkru xjiEVis (Lam) Griseb, FI Brit West Ind, 1 349 1861, 
Britton and P WUs, in Bot Porto Rico and Vlrgm Isl, Sci 
Surv PortoRioo^d 266 1926 
Spermacoce lams Lam*, Tabl Encycl, 1,273 1791 
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Sumatra^ East Coast, Kisaran, Asahao, Hamel Wtl, 1080, Silo 
Maradja, BarUeU 6458 

A widely distnbuted species m tropical America, introduced and 
naturalised in Sumatra, as it is m Singapore (sea beach at Changi, 
Clemene 8851$, November, 1929), Western Java (Backer and Van 
Slooten, Jav Tfaeeonkr, Pi 206 1924), Phiiippines, Jolo, Bur Set 
44416 Hamoa and Eda5a (distnbuted as ep ), New Guinea 

(nver bank, Manenberg, Sepik River, Herre $38, May, 1929), New 
Bntam (seashore, Kokopo, Metre 17$, Apnl, 1929), and Samoa (on 
beach, Apia, Chnetopheraen 470, Novemlwr, 1929) 

This weed was introduced mto Java some time ago, since it is 
now there widely distnbuted and locally abundant, according to 
Backer, Onkrutd Jav Suikerrett, 674 It has apparently been dis> 
seminated recently to other parts of the Old World tropics, where 
it is now of distinctly wide geographic distribution It does not 
appear in Ridley's Flora of the Mcdcy Peninsula 

BoRBBmu t^TiFOUA (Aubl) K Schum, in Mart, FI Bras, 6 (6) 
61 1888 

Spermacoce kUtfolta Aublet, PI Guiancf Franc ,1 66, PI 19, Fig 1 
1776 

Sumatra, East Coast, Membang Moeda, Koealoe, Rahmai l$9t, 
September, 1928 

A species widely distributed in tropical North and South Amenca, 
introduced in Sumatra* It also occurs in waste places in Singapore, 
Clemens $$511, November, 1929, but it is not included in Ridley's 
Flora of the Malay Pemmula 

Richabdu BBASiusKsrs Gomes, Mem Ipacac, 31, PI 2* 1801 
Richarddoma braethensts Hayne, Beschr Aram Gew*, $, PI 21 1822, 
K Sebum, in Mart, FI Bras, 6(6) 84, PI 87 1888, Backer 
and yon Shot, Jav Theeonkr, 208, Fig 208 1924 
Sumatra, East Coast, Asahan, Vaies 188$ Ot recent introduction 
here, as it is m Java. Widely distnbuted in the tmincs of the New 
Worid 

CUCl/EBJTACFAE 

MstOTHBiA MVAKiCA (Miq ) Cogn, in DC, Monog Phan > 3 625 
1881, I^senTeioh,66(iy275 I}«129 1916. 
ICarmajaeann!aMiq,Fl Ind Bat., 1 <1)• 661. 1855. 
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Sumatra, East Coast, Tanah Djawa, Simeloengoen, Rahmat 
September 23, 1028 Hainan, Java, Borneo, and Amboma 

CAMPANULACEAE 

Cavpanxtmoea lancifoua (Roxb) Merr, Enum Philip FI PI, 
3 587 1923 

Campanxila lanctfolxa Eoxb , FI Ind , 2 96 1824 
Campanumoea axtUans Oliv , m Hook, lo, 18 PI 1775 1888 

Sumatra, East Coast, Soebakti, Karoland, Hamel and Rahmai 
76Sf June 21, 1928 Central China to Burma and northern Luzon 

Lobeua 80ccun&NTA Blume, Bi|dr, 728 1826 
Lobelia affints Wall, List, no 1311 1829, nomen nudum, G Don, 
Gen Syst, 3 709 1834, A DC, Prodr, 7 360 1839, C B 
Clarke, In Hook f, FI Brit Ind, 3 424 1881, Koord, Ex- 
kursionsft Java, 3 302 1912, Ridl, FI Malay Pemn, 2 200, 
Fig 89 1923 

Ijjbelia subcuneata Miq , FI Ind Bat, 2 574 1856 

Sumatra, East Coast, Vale of Tangga, Asahan, Bartlett 7755, 
May 12-21, 1927 India to southern China and Malaysia 

Blume’s species, type from Buitenzorg, Java, has been overlooked 
in recent literature on the flora of Java A duphoate of the original 
collection in the herbarium of the New York Botamcal Garden, 
named in Blume^s handwntlng, is identical with the species currently 
referred to Lobelia affinis Wall The oldest name is here accepted 
It Is possible that the Philippine PratM ovata Elm, Leafi Philip 
Bot , 2 593 1900, should be reduced to Blume^s species, mature 
fruits not seen 

COMPOSiTAE 

El^SXTTHBBAN'raEBA BVDERAUS (Sw ) Schuls-Bip , lU Bot Zcit, 24 
239 1866, Britton and Wilson^ Bot Porto Rico and Virgin Isl, 
Sd Surv Porto Rico, 6 308. 1925 
MeUmpodtimnukrakSyf Ind Oco^l372 1806 

Sumatra^ East Coast, Kisaran, Asahan, Hamel 1010, August 23, 
1928, Rahmai IQSB, Aagtrai 24,1928 

An intioduoed weed of tropical Amenoan origin, probably first 
naturalised tn Malaysia m die vioimty Buitenxorg, Java, but now 
not uncommon in waste pieces in Singapore, Clmens 25570, Novem^ 
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ber^ 1929, although not included m Ridley’a Flora of the Malay 
Penineula 

In explanation of the accept^ name it may be noted that Schuls- 
Bip gives the reference to Botameche ZettunQf 24 164, 165 1866, 
but though the species is there cntically discussed, he does not 
actually form the binomial ElentherarUkera ruderaltSf this appears 
in his reconsideration of the species on page 239 On the basis of 
his examination of the specimen m the linnaean herbarium Schuls- 
Bip reduced Swarta’s species to Eleurantkera proHrcUa (Linn) Schuls- 
Bip Ekuranthera {Echpia Lm 1) proeirata Sa Bip I m linn 
herbano ” Howe\er, the specimen m the Linnaean herbarium 
representing Echpta proetrata Lmn (Verl>estna proalraia Linn) is 
not the type, was not m the herbarium until some time after 1767, 
and the specimen is named m Solander^s handwriting The Lmnaean 
species was based solely on a reference to EupeUortopkalacron Dili, 
Hori EUh , 138, Pi 113, Fig 137 1732, and ChryBaniJiemutn mor 
deraspatanum Pluk, Aim , 139, PI 118, Fig 5 1696, both of these 
represent Echpta alba (Linn ) Hassk Swarts's speciBc name is the 
correct one for the species, there are numerous synonyms 

Kbw Yobk Botanical Gardbn 

Hbonx Park, Nbw York 



THE FUNGI OF ISLE ROYALE, 

LAKE SUPERIOR*^ 

ALFRED HUBERT WIILIAM POVAH 

TX)R many years, in the popular mind, Isle Hoyale has been 
JT shrouded in mystery by newspaper tales of prehistoric races, 
copper mines, and wild ammals Accurate data were represented 
by scattered publications of scientists as a result of their occasional 
visits to the island The invasion of the moose added popular appeal 
to it and stimulated the idea of creatmg it a national park In order 
to have adequate and reliable information the Legislature of the 
State of Michigan made an appropriation for a scientific survey to 
be conducted under the auspices of the Umvermty of Michigan 
This report embodies the results of the myoological work of the Isle 
Hoyale Survey of 1930 

There has never been published, so far as 1 have been able to 
determine, a list of fun^ for Isle Hoyale Information regarding 
its fungi oonatsta merely of scattered published records and collec¬ 
tions in vanoua herbaria The task of attempting to make a com¬ 
plete hst IS a most difficult one, and no one is more aware than I of 
the possibility and probability of omissions The first record which 
1 have found of a fungus oolleeted on the island, is a oollection 
of Mehmeoms marginal^ (Pk) Wehm (Diaporthe ntpoaa Ell and 
Holw), gathered by W D Holway in July, 1889, and named by 
Ellis and Everhart (10) In August, 1891, F W Dewart collected 
at Washjngt<m Harbor and the specimens are In the Fariow Her¬ 
barium, but Dr W H Weston, Jr, informs me that “unfortunately 
there is no list and it would be a long ]ob to make a complete list 
from the specimens.^ C E Allen and S C Stunts collected fungi 
on die island in 1901, but the only published records that I have 
located are PhyUachora WtUroehtt (Enkka) Saee, published by 
Davie (7), and MertUtM ntveU9 Ft (3), Carttetum laHum (Karst) 

* This paper is part of a biologioal study (d Ida Royals authorised by the 
Fiftywfifta Le(^slature of the State of Mtehigsa 
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Bres, H^tfr^nochaete cortvigaia (Pr) L4v, H tabaana (Sowerb) L4v, 
and Siereuin famalum Scbw, pubbshed by Burt (4) 

That E T Harper and S A Harper collected on lale Royale 
ifl shown by a specimen of Cortuaum lividtHUimdeufn Karst from the 
Von Hdhnel Herbarlunii now m the Farlow Herbarium Further* 
more, Rohm (23) described Phcana ntbroftutca from Isle Royale 
material collected by Harper C H Kauffman paid a brief visit to 
Washington Harbor, Isle Royale^ in 1906 and recorded the following 
species Polyporua kiaptdellus Pk (14), Amantto UmenUUa Kromb, 
Canihar^us ahartus Fr, CUtocybe trfunddniliformia Fr, € oehro^ 
purpureUf Berk, CoUybta maculata A A S, Coritnartui anmUatus 
Fr, C aanguineua Fr, C vtolocetta Fr, Hygrophanta Peckit Atk, 
Laclartua cinereua Pk, L deltctoaua Fr , L deceptwua Pk., L ior* 
minoaua Fr , L irtaiaha Fr, Omphalxa campandla Fr, PaanUws »n- 
voluiUB Fr, and TmhoUma ruttlana Fr (16) With tbe exertion 
of mne, as given in the annotated list, these species were again col¬ 
lected by the members of the 1930 Survey 

Between June 28 and September 22, 1930, approximately twelve 
hundred ooUections of fungi were made, the majority by me, the 
rest by J L Lowe, with the exception of a few specimens which 
were brought m by the phanerogamic botanists, Mesors C A Brown 
and J B McFarUn Botany headquarters were established at Rock 
Harbor Lodge in a four-room cottage, which afforded a laboratory, 
drying room, and sleeping quarters The temtory within a radius 
of about three or four miles was thus available for mtensive collect- 
ing Working from this camp, we obtidned speounens at the follow¬ 
ing locabtiee Rock Harbor, Tobin Harbor, Scovllle Point, Passage 
Island, Bat Island, Smithwiok Island, Raspberry Island, Mott Island, 
Monument Rock TVail, Hidden Lake, Moose Lake, Mount Franklin 
(Sec 21, T 66 N, R 34 W), Blake Pomt, Duncan Bay, and the 
vidnity of the old lighthouse 

Elevmi days wens spent m camp on Birch Idand, MeCsivoe 
Cove, and duripg this Ume ocdlections were made on the shorn of 
McCaigoe Cove, Brady Cove (Sargent Lake Trail), Chi^enbone 
Lake and its outlet Into MoCar^ Cove, Sargent Lake, Lake Eva, 
Hokerel Cove, an island near McCatgOe Cove (See 16, T 66 M, 
R 33 W), and Mount Ojibway (Sec 31, T 66N, R 34 W) 

The second camp site (and third station} was at the head of 
Itook Haibor, where five days were efoptoyed in ecOlecHng m tte 
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following localities Wallace Lake, at the head of Rock Harbor, 
Forbes Lake, Benson Lake, Angleworm Lake, and Lake Ritchie 
Nine days were spent in working from a camp located at the 
junction of the outlet of Siskowit Lake and Siskowit Bay Dunng 
this penod collections were made on Ryan Island in Siskowit Lake, 
on Wnght Island m Siskowit Bay, on the shores of Siskowit Lake 
and Siskowit Bay, and to the north of Hay Bay 

A few gpeoimena were ooUeoted on Amygdaloid Island, the shores 
of Todd Harbor, and Todd Cove Through the kindness of Messrs 
C A Brown and J B MoFarlin a few were obtained from the ex* 
treme southwestern end of the island, i e from Washington Harbor, 
Liake Desor, and Lake Feldtmann That part of Isle Royale lymg 
west of about 88^ 55' west longitude was not explored for fungi be¬ 
cause of lack of time 

Approximately eleven hundred oolleetions have been studied and 
named, with the result that they have be^ referred to 230 genera, 
515 species, 14 varieties, and 5 forms If we add to these the 10 
species reported by previous ooliectors, but not found by the 1930 
Survey, we have a total of 230 genera, 525 species, 14 varieties, and 
5 forms of fungi known to occur on Isle Royale It is my belief 
that this figure does not adequately represent the total number of 
different fungd on the idand One season is altogether too short to 
exhaust the posabihties of so rich a mycoiogical fiora, as this first 
list of Isle Royale fungi would mdscate Approximately one hundred 
collections reqiure further study before they can be named 

It is of considerable interest to note Uiat two new genera of fungi 
were collected One has been named Alpova by C W Dodge (8), 
the other Sclerostilbum by the wnter (22) The five following new 
species were obtained* Alpova animoomeuB C W Dodge, 
mophikom hulkxia Thaxt, sp nov ined , ScuieUxnta mxchigonensis 
Povah, SckroBlxIbum veptentnonak Povah, and Sepiona CalypBomv 
Povah <22), Apparently, 185 species in the following hst have not 
hitherto been reoognieed as occurring in the state of Michigan 
A strUciiag feature of the fungi of Isle Royale is the number of 
western species that one encounters Examples of such are Bed- 
hama tiBUnv Berk., reported from Colorado and Oregon, Godtoma 
UrceduB{A AB ex Pr) Kawt, roported only from Alaska, Tkek- 
p)Wrasc^««dt«Burt,fixn^ Folyporus oJholviextB E AE., 

oomsum in the Eoi^y Mountains, PolyporuB Qudl, reported 
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by Kauffman from Colorado (16), Oregon (17), and also from Isle 
Royale (as P htsptdellus Pk) (14), Uromyces Jacksomi Arth and 
Fromme, reported only from the Pacific Coast, Uromycee amoenus 
Syd, reported only from Idaho, Oregon, Washington, and British 
Columbia Other species having a northern and western distribution 
are Tuber eeparane Gilkey (California and Manitoba), Sphaeroruse^ 
mella HelvelUie Karst (Manitoba, Alberta, New Hampshire, and 
Colorado), Apeetermdtum Guemteact (Crouan) Boud (New England 
and Washington), and Puccinta Eptlobtt DC (Wyoming, Quebec, 
and Greenland) Onygfena comna A <fe S has never been reported 
from the Umted States, Shetts Carentta^ (De Not) Rehm, MeltUo- 
eponum propolukidee Rehm, Gibhendea aln%cola Bebm, and Necirta 
peztcula Speg have apparently not hitherto been recorded for North 
America 

The most evident fungi on Isle Royale are the murfirooms, which 
occur In great profusion How unfortunate that Kauffman’s only 
visit to the island was during dry weather! Their collection, however, 
requires so much time because of field notes that it was not possible 
to collect all the different species observed Thus the seventy-eight 
kinds in the list do not adequately represent the number of agancs 
which grow on the island 

In spite of careful searching and wide collecting only a single 
species of smut, C%ntract%a cancu (Pers) Magn, was obtamed 
Rusts, however, were abundant and fifty species were oollocted, 
seventeen of which are new to the state The list of Gasteromycetes, 
which is rather larger than is usual in the north country, contains 
seven genera, fifteen species, and one variety 

Many wood-mhabitmg species were collected, meluding ten of 
Fomes, twenty-eight of Polyporus, six of Polystietus, eleven of Pona, 
and seven of Trametes Fomes pxmeda was exceedingly common, 
both on conifers and on hardwoods Heart rot of balsam fir was 
abundant, and the trees, weakened by such infection, are often 
broken by the wind Since, however, no fruiting bodies of the 
fungus were present, it was not possible to detennine with oertamty 
the cause of the rot Moreover, the conifers, espedally the 
balsam firs, were severely injured by leaf oast diseases This 
tenal was referred to Dr Q D Darker, who identified the caused 
organisms as fdlows on balsam, Urphodermum autumnale Dark^ 
(6), Hypoderm^ mtrdbtUs Darker, and BifuseUa FmUi% Dailcer, 
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on pme, L ptnastn (Schrad) Chev and L ntUnB Darker^ and on 
apruce, L Ptceae (Fkl) v H With the exception of L pinastn 
all these collections are the first in the state Furthermore^ the 
collections of L auiumnaU^ L ntienSy Hypodermella mtrabtltSi and 
Bifusella FauUti become historical since, in each case, they enter into 
the species concept 

Frequently the quaking aspens were found to be infected with 
oanker-producing fungi Three types were noted In the vicinity 
of Bock Harbor many trees were seen with cankers bearing fruiting 
bodies of Valsa mvea (Hoffm ) Pr sensu EJhs At the head of McCais 
goe Cove and at Rock Harbor Hypoxylutn prutnatum (Klotzsch) Cke 
was found producing cankers on Populus tremtdotdea The most 
8«iouB disease, however, appears to be a canker caused by Nectna 
gaUtgena Bres At the head of McCargoe Cove, in an area of ap¬ 
proximately one-half acre, every quaking aspen was infected and 
about one third of them were killed by this fungus In Plate X\I 
is shown a typical canker from this area In a few instance? this 
disease was also noted on white birch The mountain ash was fre¬ 
quently found to be infected with Gymnosporangtum Jumpen Lk 
In fact, owing to the briUiant color of the infected leaves, the rust 
cannot be overlooked 

I wish to acknowledge my mdebtedness to the late Professor 
Roland Thaxter for extending to me the courtesies of the Farlow 
Herbarium and library, where most of the work was done More¬ 
over, for aid m determimng this collection of fungi I am indebted to 
so many that it would take too much space to list all those who have 
so generously contributed their help The rusts, smuts, Perispo- 
nales, and some leaf parasites were identified by Dr E B Mains, 
the Ponae, by Dr Dow V Baxter, the Sphaenaoeae, except as 
indicated in the list, by Dr L E Wehmeyer, the Hystenaceae, by 
Dr M KLohman, and the Hypodermataceae, by Dr O D Darker 
Except as otherwise noted in the hst determinations are by the writer 
The specimens have been deposited in the Umversity of Michigan 
Herbadam 1 also desire to thank Dr E B Mains and Mr C A 
Brown for photographs Finally, I reomrd my gratitude to Professor 
WiUiam H Weston, Jr , for making it possible for me to spend a winter 
in the Laboratory of Cryptogamic Botany at Harvard Umversity 

A summary cl the M precedes die annotated list of the known 
fungi Isle Royale, Lake Sup^or, and the adjacent islands 
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OF TBB FXTKm OF I8LE aOTALB AND AIMACBNT »t.ANDe 



Chnera 

SjMete$ 

VorMnaa 

Fortfti 

Myxobaoterisoeae 

1 

1 

0 

0 

Myxomyoetofl 

16 

30 

2 

3 

Phyeomyoetas 

9 

12 

0 

0 

As^myeetea 

91 

156 

3 

2 

Baaidiemyoetea 

88 

293 

9 

0 

Fungi Imperfecti 

26 

33 

0 

0 

Total 

231 

525 

14 

6 


In the following list the asterisk denotes that the fungus has not 

hitherto been reported as occurring in the state of Michigan 

MYXOBACTEniACBAI! 

^CaOKDBOMrrcES aurantiacus (B df C ) Thaxt — A single collec¬ 
tion on moose dung, on the shore of Chiokenbone Lake Cysts 
56-60 X 35-60 m 

MYXOMYCBTBS 

Arctria dbnudata (L ) Wettst On rotten sticks and on log of 
Beiula alba L var papyr^era (Marsh) Spach, Moose Lake, 
MoCargoe Cove, Chickenbone Lake 
Arcyru mcARNATA Pfers — On rotten wood of Alnus and Tht^a 
occtdentahs L, Rock Harbor, Tobin Harbor, McCargoe Cove, 
and Siskowit Bay 

Abcyrka nutans (Bull) Grev —On rotten logs and decaying 
white birch, McCargoe Cove, Sargent Lake, and Siskowit Bay 
Badhamia uiaAcina (Fr) Rost — A single collection on grass at 
Forbes Lake 

♦Badhamia nitbns Berk — On Wrdi and conifer logs, Tobin Harbor 
and Smithwick Island This species u reported from Colorado 
and Oregon 

Cbratiomyxa FRimcuLoaA (Mttll) Macbr — On oonifer log, Tobin 
Harbor 

♦CfUBRABiA UACBOCARPA Schrad On oonifer, Totnn Hari>or 
DiDsmiA RFFueuii (Schw) Morg var BnnotrtATUM Rost — On 
leaves in awarnp. Passage Idand 

♦DtnsRMA QDOBOftUM Pors, On leaves and grassy Passage Island 
Maobiide (18) pomts out that in the past this species bak been 
much confused with Z>, crueUtceum Pk, from which it can be 
distinguished by its smaller s|^rea 
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Diberma aPTTMARiOiDBS Fr — On Lycopodium sp and on DtcraneUa 
sp I Passage Island 

Didtmium MRtANOSPERMUM {Pcrs) Macbr — On rotten wood and 
on bark of Abiea baUamea (L) Mill, McCargoe Cove 
DiDYMiOM BQUAMtrLosuM (A A S ) Fr — On dead leaves, sticks, 
and grass, Tobin Harbor, at the outlet of Chickenbone Lake, 
and McCargoe Cove 

Fcuoo ciNKRRA (Schw) Morg — On stick and on Picea ap , 
McCargoe Cove and Lake Ritchie 
Fnuoo SEpTiCA (L) Gmel Form a F ovata (Sohaelf) Pers — On 
Sphagnum ap , log of Populua tremulotdea Michx, and moss- 
covered log, Lake Eva and Tobin Harbor, Form o F laetna 
Pers — On poplar stump, at the head of Tobin Harbor, Form 
e F vtolacea Pers — On birch log, Tobin Harbor Four other col¬ 
lections are not referable to any special named form They were 
collected at Tobin Harbor, McCargoe Cove, and on Bat Island 
Fruoo SEPTtCA (L) Gmel var Candida R E Fries A imgle 
collection, on a dead leaf found on the Sargent Lake Trail from 
MeCargoe Cove, seems to be referable to this variety as given 
in lister rather than to any form given by Macbnde {I c ) 
^HEiaTRicRU OVATA (Pers) Macbr — On dea<l Thuja occidentaha 
L, Siskowit Lake Rare Det by Q W Martm 
HuitiTRicHtA viBePARitru (Batech) Macbr — On white birch stub, 
l^skowit Lake 

♦Lamprodbbma viodacbum (Ft ) Rost On moss and liverworts 
and on arbor vitae log, Passage Island and Siskowit Lake 
LEOCAitPUa FBAGius Rost — On white birch twigs and on rotten 
alder, Moose Lake, Rock Harbor, and McCargoe Cove 
Lycogala epidbndrom Fr — On rotten wood and dead alder, 
Benson Lake and Rock Harbor 

MnoitAOO spoNOtosA (Leyas) Morg — One collection on alder 
twigs, common on stems and leaves at Sargent Lake 
*PmnxKvu Pers —On leaves and stems of Copits trt^ 

folta (L.) Saltsb and Ltnnoea boreaha L, McCargoe Cove, and 
on moss on Passage Island 

PknrsASixrw c&i^tKxtvu Pern —On moss-covered log, Passage 
Island 

^PsTSAntm RDSXonrosnic Fr —Four collections on moss, leaves, 
and twigs at Rock Harbor 
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•Physarum 8INU08UM (BuU ) Weiiun — On Sphagnum rp , Passage 
Island, and on base of tree near the outlet of Chjckenbone Lake 
♦Physarum virkbcfns Ditmar — On moss and balsam fir needles, 
Rook Harbor, and on moss near Lake Eva 
STEMomTis AXiKEKA (Bull) Macbf — Common, on birch, spruce, 
and pine logs, Rock Harbor, Tobin Harbor, Moose Lake, 
McCargoo Cove, and Chickenbone Lake 
SiKMONiTis FUBCA (Roth ) Rost — On birch, mountain aab(?), and 
balsam fir logs, Passage Island, Rock Harbor, and Tobin Harbor 
♦Tbichia FLORiFOBMis (Schw ) G Listcr (T latenita l*ev ) — On the 
under side of coniferous log, north of Hay Bay 
Triciua varia (Pers) Rost — On sticks and soil beside brook 
forming the outlet of Chickenbone Lake 
Tubifkra ferruginosa (Batsch) Qmel — Common on moss and 
coniferous logs, Tobin Harbor, Passage Island, and McCargoc 
Cove 

PHYCOMYCBTSS 

Abbioia GLA0CA Hagcm — Isolated from soil, Siskowit Bay 
Endooonk FisiFOBMis Lk {E eph(tgnophila Atkins) — A single 
specimen, on tips of Sphagnum, was collected at Rock Harbor 
^Entomophthora buUata Thaxt, sp nov Ined —On bluebottle*^ 
flies on tips of grass, Rock Harbor Coll by C A Brown In 
1931 Dr Thaxter determined this collection, saying that the 
species was common on bluebottle and other flies Subsequent 
to Dr Thaxter's death the writer wrote to Dr Weston to learn 
whether any manuscript description was left by Thaxter Dr 
Weston replied “We searched through Dr Thaxter's notes and 
found no manuscript description of Eniomophthora bvllata, but 
in his collection of slides he has labeled this ErUomophthora 
buUataf n sp , and aumlarly labeled a small bottle of material 
You will be quite justified, then, in uidng Dr Thaxter*s name as 
n sp ined *' In view of these facts it se^ns wise to record that 
Thaxter told the writer that the comdia of B buUata are indis* 
tinguishable from those of E amertcana Thaxt The present 
collection shows only hyphal bodies and the very eharacterie* 
tic subglobosci buUate sygospores, which measure M in 
diameter 

Entomophthora cxmicis A. Br — On tmy insects on dock piling, 
]^k Harbor 
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♦Entomophthora Gbylu Free —On MeUnojma femur-Tuhrun, 
Rock Harbor, Sargent Lake, and Paaaage Island 

Entomophthora rhi*obpora Thaxt —Both oonidial and aygo- 
sporic stages were found on insects m a swamp at Rock Harbor 

Pkeoncmbpora parasitica (Pers ) DoBy — On Atobts Drummondn 
Gray at Rock Harbor 

Physoorrma Mbnyanthis DeBy — On Menyanikta tnfohata L, 
Rock Harbor 

PiLOBOLus CRTSTAiiUNUs (Wiggcrs) Todc — On moose dung, Sar¬ 
gent Lake and McCargoe Cove 

Saprolegnia sp —On dead fish, at the head of Rock Harbor 
Dr B B Kanouse wntea “The material does not warrant 
specific determination 

♦Spikeiaus FtTSWER (Lk) Van Tiegh — On old agaric, Tobin Har¬ 
bor, on Mycena ap , Smithiiiick Island 

Sporodinia grandis Lk — Common on agarics such as Omphalia 
up and Lactanua v^Uereiia Fr, and on Clavana pistiUaria (L) 
Fr Tobm Harbor, Siskowit Bay, McCargoe Cove, and Lake 
Eva Ihese three hosts are not given by Seymour (26) Engler 
and Prantl (11), however, mention Clavariaceae and Agancaceae 

ASCOMYCETES 

GYMNASCALES 

♦Gymnabcub Reesii Baranet (?) — On leaves under moose fur, Hid¬ 
den Lake (Tobin Harbor) Ascl 6 8-7 X 5-6 6 m* spores len¬ 
ticular, 3 4-3 7 X 1 5-2 fx 

PERISPORIALES 

ErysiPhe Cichorackaeum DC — On Scutellana lattfolta L , at the 
west end of Siskowit Lake 

Ehysipitbi PotvaoNi DC — On CaUha palustna L, Passage Island, 
on Chelone glabra L and Ranunculus oma L, McCargoe Cove, 
and on Tnfohum praUnse L, Rock Harbor 

Micro»pra«ba Alni (DC ) Wint — On Alnua sp , at the outlet of 
ftskowit Lake 

PHTWiACTiNiA coRYtKA (Pem) Karst —On Comus slohntfera 
Miehx,, in old burned area, Siskowit Bay, and on leaves of white 
bireh seedling, at the outlet of Siskowit l4ake 
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UKCiNtTLA ciaciNATA Cke A Pk — On Acer epicoium Lam , at the 
outlet of Sifikowit Lake 

Uncinula saucib (DC) Wmt — On leaves of Popului htdeamxfera 
L, Sargent Lake 


SPHAERIALES 

SPHAGaiAGBAS 

♦Ckyptosphabbia POPuniNA (Pers) Saco — On hark of dead poplar, 
Rock Harbor 

*DuTiirpB BunLATA (Hoffm ) Fr — On alder, Rook Harbor, and at 
the west end of Siskowit Lake 

DiATRTPunLA DiscoioGA Cke A Pk var XLtn Pk —On alder, 
Rock Harbor and Passage Island 

♦Eutvpella alkifraqa (Wahl) Pr — On dead alder, at the head 
of Tobin Harbor and Rock Harbor 

♦Euttpella kugulosa (Nit) Saco — On dead white bireh, Rock 
Harbor 

Vai4»a bobbella Karst — On Populti^ frmtdoufes, at the head of 
Tobin Harbor 

♦Valsa Ktosei Fr — On recently killed Abies bolscwwa, north of 
Hay Bay 

Valsa nivba (Hoff) Fr eeneu Ellis —On cankers of Popuhte 
trmulotdeB, Rock Harbor and Mott Island 

^Gkomoniella CoRTnx (Batsch) Saoc var bpiralu Pk — On 
Corylns reeiraia, Ait, La Sage Lake Coll by C A Brown 
Plate XXII, Figures 2-3 

♦Cryptospora ALKiconA V H — On alder in old burned area, 
Siskowit Bay 

OAU>mu COKCRNTRICA (Bolt) Cea A De Not — On aldw and 
winte birch, Tobin iBtrbor, Todd Harbor, Forbes I#ake, and 
Sidcowlt Lake 

Hypoxyluu rcBccnc (Pers) Fr —^ Common on alder, Rock Harbor, 
SooviUe Point, and Lake Ritchie 

HTPOXYttrur MoRsm B A C — On dead alder, Smithwick 
Idand 

HrpoxTLTTM MinciTiPCffUiCR tr — Common on birch and alder, Ecndt 
Harbor, Smithwick Island, Tobin Harbor, Raepberry Istand, 
and at the outlet of Siskowit Lake» 
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HypoxYiitJM PRtjiKATUM (Klotzsch) Cke — On Populua tremubidea, 
at the head of MeCargoe Cove and at Rock Harbor 

♦Htpoxylum KamciTLATtTM Karst, var ? — On Fomea pinxcola 
(Schw ) Cke , at Moose Lake, near Tobin Harbor 

♦Htpoxylum RtTBiGiNosuM (Pers ) Fr — On bark of dead willow, 
Sargent Lake Det by J H Miller 

*Didymkixina Iridis (Deem) v H — Causing leaf spots on Ina 
vermolOT L , Rock Harbor 

♦Mycosphabrblla Chimaphilab E & E —Parasitic on Pytola 
aecunda L, Tobin Harbor 

♦M’lcosPHABBELnA Lycopodu (Pk ) Hse — On sporophylls of Lyeo- 
podxum annoHnum L, McCargoe Cove, on leaves of L anno- 
hnum, Tobin Harbor 

Vknturia Cassanprab Pk — On leaves of Chamaedaphne coZycu- 
kUa, Rook Harbor 

♦Ventubia Dicxei (Berk & Br) Ces & De Not (?) — On Linnaea 
horedhSf Tobin Harbor Determination not certain, since no 
spores were found 

ApioimiRiKA coUiiKsn (Schw) V H — Producing witches’-brooms 
on Amlanchter ap , McCargoe Cove 

^Meuancokib MAROiNAUS (Pk) Wehm — On Alnua cnapa (Ait) 
Pursh , Angleworm I^ake and Rock Harbor, also by W D Hol- 
way 

Mbijinconis STiLBoaTOMA (Ft) Tul —Only the comdial stage 
(ilfcfancontum aphaemdeum Lk ) was found, Rook Harbor 

♦Mblanconis thbeebola (Fr) Sacc — On dead alder, at the head 
of Tobin HarbcR* 

^Diaporthb jmpolsa (Cke & Pk) Sacc — On mountain ash, at the 
outlet of Chickenbone Lake 

Duforthb nivosa Ell & Holw — Collected only by Holway (10) 

AicpaiBPRAiQRU Thbjika (Pk) Sacc — On decorticated arbor vi¬ 
tae, Rock Harbor 

ALKiooLA Rehm — On old hardwood stick, probably 
alder, Rook Harbor Coll by J L> Lowe Wehmeyer writes 
^'Rehm [24] gives the spores as 12-15 X 4 5^ subelavate, 
and stn^t The spma of this ooUecUon are 12 6-15(18) X 
4 - 5,5 M and many are slig^tty curved Moreover, the perithewal 
ehmriefi are larger than those gdven In Rehm's description This 
otdkeUon may be a Variety of Behm's species and may equally 
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well be placed in the genua Rosensoheldia of the Dothidiaiea, 
but m the absence of Rehm's matenai no definite conclusion 
can be reached ** 

*GidBEHii>£A TURFOSA Syd —On dead stems of Ckamaedaphne 
calyculala (L ) Moench, Rock Harbor, on dead stems of lAdum 
groenlandtcum, Rock Harbor 

LrPTOSPHAERiA Crepini (Westd) De Not — On strobili of Lyco^ 
podtum annoitnum, Passage Island, on strobili of L obacurum 
var dendroideum (Michx ) D C Eaton, Wallace Lake 

Leptosphabria LYCOPODicoiiA (Pk) Sacc — On stroblh of Lyco* 
podtum annoiinum, MoCargoe Cove 

♦Mblanomma AflPBGRBNn (Fr) B'kl —On rotten white birch log:, 
Rock Harbor 

*THYRinitJM uviDOM (Pcrt) Sacc — On coniferous (white pine ?) 
log over brook, McCargoe Cove Det by M L Lohman 

Hypocrbaceab 

Claviceps puRPtmEA (Fr) Tul — On Calamagrostts ap and Agopy^ 
ron tenerum Vasey, Rook Harbor, on Olycena borealta (Nash) 
Batcbeider, McCargoe Cove, and on Calanutgrodta canadetme 
(Michx) Beauv , between Forbes Lake and Benson Lake 

CoRDYCEPs cLAvuiATA (Sohw) E & E — On Lecantum sp (scale 
insect), infesting Fraxtnua mgra Marsh, beside stream forming 
the outlet of Chickenbone Lake 

CoROYCKPS MiUTARis (L) Lk — Ou remains of chryaalis in low, 
wet woods, Sargent Lake 

CoROYCBPs oPHiooiiOssoinES (Ehr) Lk — Parasitic upon Elapho^ 
mycea granuUUua Fr, Angleworm Lake 

♦Crbonbctria purporba (L ) Seaver On alder in swamp, Rock 
Harbor 

♦ELBOTHBaoMtCBs SUBULATUB (Tode OX Fr ) Fkl —On old aganc, 
Siskowit Lake 

Hypoicygbs AURANTiActJB (Pors cx Fr) Tul — On old Pof/ypotue 
elegans Bull ex Fr , McCargoe Cove 

Hypowtces (OTJYflOsPBRifUs (Bull) Tul — Only the Imperfect 
stage iSepedontum chryaoapermum Fr) was found growmg upon 
Alpova emtatnorrmta Dodge along a brook forming the outlet 
of Siskowit Lake The Tulasnes (27) record it for Boletus, 
Scleroderma, Melanogaster, and Octaviaiia 
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Hypomyc»» lATKHmus (Fr) Tul (?) —Parasitic upon the gills 
of Lactaniis delteiosus Fr The matenal is too immature for 
certain specific determination 

Nectbia episphakria (Tode) Fr — On Hypoxylum sp , Rock 
Harbor 

*Nkcthia qaluqkna Brea —Causing a serious large black canker 
on Beltda tdba var papyrtfera (Marsh) Spach , near Benson 
Lake An epidemic of this same disease on Populua tremulotdes 
was observed at the head of McCargoe Cove Here every tree 
was infected and a mortality of approximately thirty per cent 
was noted The typical canker has a black-nbbed surface, which 
18 bordered by the wide-flaring bark, as shoi\n in Plate XXI 
*Nectbia pkzicula Speg — On old decaying moose antler on sedge 
mat at Moose Lake near Tobin Harbor Coll by J L Lowe 
♦ScomccoNECTRiA scOLEcospouA (Bref) Soav — On Abtea balaamea, 
Smithwick Island 

DOTHIDIALEB 

Dothiduceae 

PH\XLAcaoBA TRiFOtu (Pers ex Fr) Fkl — On Tnfohum pratenae 
L , Rock Harbor Only the imperfect stage {Polythryncium 
Tnfoln K»e) was found Det by E B Mams 
Phyelachora Wittrocku (Enokss ) Sacc — On stems of Ltnnaca 
boreahs, Moose Lake, near Tobin Harbor Davis (7) reports 
this fungus for Wisconsin and Isle Royale, the latter collection 
having been made in 1901 by Allen and Stunts 
PnoWEiGHTiA MORBOSA (Sohw ) Sacc — On Prunua ap , Rock Har¬ 
bor, on Prunua pennaylmnteaf in old burned area, Siskowit Lake 

PHACIDIALES 

Hysteriaceab 

*HYaTBiiitJM PtnJCARE Pers ex Fr — On poplar bark on open ridge, 
Rock Harbor 

HTSTSmoORAFHiVK MOBi (Schw) Hchm f cmaRAscBKS (Sehw) 
Lehman On decorticated poplar, Rock Harbor 
^HYSTSBOOBAPatviit MOBI (Schw ) Rehm f obbakdi (Cke ^ Pk) 
Lehman On deoortieated Populua iremulouiea, Rock Harbor 
*MYYiUDttffc« TKWABtJH (Cke A Pk ) Lehman (Ryaiertum thujarum 
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Cke & Pk ) — On arbor vitae, near old lighthouse, Bock Har¬ 
bor, and at the outlet of Siskowit Lake 

PHAUniACSAE 

♦Bifusella Faullii Darker —On Alnee halsama^ Raspbeiry 
Island Det byG D Darker 

*Hypooekmeli*a mirabius Darker — On leaves of Ahtee hdUameaf 
Bock Harbor Det by G D Darker 
♦Lophodermium AvrvuNAhis Darker — On hving leaves of Abtee 
batsameaf Raspberry Island Det by G D Darker 
♦Lophodermium macular® (Fr) De Not —On Vaccimum tdtyt- 
noeum L , Sooville Point Det by E B Mains 
•Lophodebmium PicEAB (Fkl) V H — Causing leaf cast of P%cea 
cariadenm (Mill) BSP, Rock Harbor Det by G D Darker 
*Lophod®rmium niteks Darker — On Pinue Strobue L, Rock 
Harbor Det byG D Darker 
Lophodermium pinastbi (Schrad) Chev — On Pmus 

Lake Harvey, and on P Banketam Lamb, Rock Harbor Det 
byG D Darker 

IjOphodbbmium 8PHAERIOIDBB (A AS OX pT) Duby — On over¬ 
wintered leaves of Ledum groefUaTidtcutn Oeder, Rock Harbor 
Det by E B Mains 

♦Lophooehmium tvuwvu (Fr) Rohm — On overwintered leaves of 
SorhueamertcamManh ,SmithwlokIsland Det by£ B Mains 
*CoccoMYCEs HiEMAUs Higgins(?) —On Prunue penneylvantca, 
MoCargoe Cove 

Rhttisma Andbombpa® (Pers) Fr — On leaves of Andromeda 
ghucopkyUa Lk , Monument Hook Trail from Tobin Harbor 
♦Rhytisma punctatum (Pers) Fr — On Acer spieeUum^ Wright 
Island, m Siskowit Bay 

Rhttisma baucdtum (Pers) Fr On Salix «p, at the head of 
Eo<A Harbor, and in an old burned area at Siskowit Bay Pet^ 
by£ B Mains 

ST1CTI0UCEA® 

♦MaiiirrospoBiUM pbopowdoides Bebm —- On branch of Tht^a oed^ 
dentalu, Tobin Harbdr CoU by J L Lowe* This spedes Is 
reported from Europe on Pmuscembra DetbyM L Lohman 
•Swcrns Cab®stiab (De Not) Behnip^On bark of ThAifd oce^ 
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denialUf Rook Harbor Apparently this species has never been 
reported from this country or on this host, but a companson 
with an authentic specimen (Rabenh Fung Eur No 775) leaves 
no doubt as to its identity Superficially the fungus resembles 
8 radiata (L) Pers, but the smaller spores and the coniferous 
substratum deny this probability 

Sncns RADIATA (L ) Pers — On Acer apiccUum Lam , Siskowit Lake 

PEZIZALES 

Dsrkatsaceax 

CioNANOiUtf Abjjbtis (Pers) Rehm —On fcofsawea, Rock 
Harbor, largely the unperfect stage 

Crnangiuh fubfuraceum (Roth) De Not — On dead, but still 
standing, branches of Alnue xneana (L) Moench in dense shade 
near the shore, Rock Harbor 

'^CKNANQitJH POPULNBUM (Pers ) Rehm — On decorticated twig of 
Popufus iremutaulea, Rock Harbor 

♦Dbrmatba Alni (Fkl) Rehm — On dead twig of living Alnus in 
old burned area, Siskowit Bay 

Bbrmatba Cbrasx (Pers ) Fr (?) — On gall on Prunua pennayU 
vanica L«, Lake Eva IVail from MeCargoe Cove The absence 
of spores prevents an unquestionable determination 

♦GoDBomA Ubobolvs (A AS ex Fr) Karst — On dead stems of 
VUmmum pauetflmm Raf, Moose Lake, near Tobin Harbor 
Apparently this species has been reported in this country from 
Alaska only Moreover, this is a new host The sxnallar asci 
prevent this oolleotion from being referred to 0 Vtbvmf (Fkl) 
Rehm 

^Cortnb vsBStFORMXS (Pcrs) Rehm On rotten log in Sphagnum 
bog» Book Harbor 

*OmbbOFH!X 4A ciiAVpa (A A S > Cke* — On submerged sUcks and 
alder leaves in swamps, common, Rock Harbor, Tobin Harbor, 
and MeCargoe Gove 

MoUiXSIACBAB 

MouiatA omBBA (Hataoh) Karsts — On rotten log, Rook Harbor 

*M0UJBu E0FOLA Saoc On dead eulms of Ce^mttgroaUa ap , 
SeOvttle Point and Rock Hari>or 
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Nifteba uda (Pen) Fkl — On rotten wood in awamp, head of 
Tobin Harbor The spores in this collection are distinctly two^ 
celled 

•BELONiDiirM AURANTiACirM Rchm — On old, dead culms of Catamnh 
groslta sp at the edge of a rock pool, Scoville Point 

Helotiacfab 

Chlorobplenium aeruginascens (Nyl) Karst — On wood of 
frondose species, including Populua tremulotdea, Angleworm 
Lake, Ryan Island in Siskowit Lake, and near the outlet of 
Siskowit Lake 

Chlorosplenium ABROaiNosuM (Oeder) De Not —A single col¬ 
lection on a rotten stick, Rock Harbor 

Dasyscypha Aoassizii (B a C ) Saco — On Abies bofsameo, Rock 
Harbor Det by Q G Hahn 

♦Dasyscypha arida (Phill) Sacc — On Abtea halaamea, Rock Har¬ 
bor Det by G O Hahn 

♦Dasyscypha calycipormis (WiUd) Rehm — On a canker on Ptnua 
Bankaxana Lamb, Mott Island Det by G G Hahn 

•Dasyscypha distinguenda (Karst) Sacc —On rotten wood of 
frondose species, Rock Harbor 

•Dasyscyphella Cassandrae Transs (Ennella borealis Povah) 
— On dead stems of Chamaedaphne calycvMa (L) Moench, in 
swamp of Thu^a ocodentalis, Rock Harbor Coll by A H 
Povah, No Fp 497 For a discussion of this synonymy see the 
paper by Kanouse in this volume, pp 74-76 

HBtoTiintf ciTRwiTM (Hedw) Fr — (3n poplar and other frondose 
species, Benson Lake and at the outlet of Siskowit Lake 

•Hblotiom umonicolor Bres — On Thu^ occidentaha, Tobin Har^ 
bor 

^Helotium RBisopHiLUM Karst —On rotten wood in swamp, 
Moose Lake 

Helottum ttroultorum (Vahl) Karst var, rBuertoumru (Bull) 
Rehm — On alder cat^s in swamp, Passage Island 

•Lachnema coBticaus (Pers) Fr — On bark of dead Populua 
(remuloideat Rook Harbor 

*Lachnttm HTALmBtntTif Rehm — On wood of Thugtt ocetdentaba 
and on cone scales of Picea canadenm, Sooviile Point and Rock 
Harbor 
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Lachnum viRGiNEUM (Bat>8Gh) Karst — On poplar twigs in moist 
duff, Rock Harbor The crystals on the excipular hairs are 
soluble in potassium hydroxide sdution, like those found in 
some of the Thelepboraceae 

*pHtAi.KA sUBfARNKA (Cke & Pk) Sacc — Parasitic upon, and 
kilhng, Dtctanum fiagellare Hedw , leafy liverworts and mosses, 
Rock Harbor, Forbes Lake, and Hay Bay This interesting 
species was descnbed by Peck from infected liverworts collected 
at Sand Lake, New York In the Farlow Herbarium it is 
represented by the following ooUeotions Shelbum, New Hamp¬ 
shire, and Lac Clair, Canada, Farlow, and N A Fungi No 2143, 
Adirondack Mountains, Rex Ail these are on moss Plate 
XXIII, Figure 2 

*ScLKaoTiNU fiiFKONa Seaver — Parasitic upon leaves of Populus 
tremulotdeSf Rock Harbor and Sargent Lake 


Pbzisaceab 

Acbtabui^a vvloarib Fkl On ground, Rock Harbor and at the 
outlet of Siskowit Lake 

Alauria aurantia (Pers ) Fkl — On soil, Rock Harbor 
•AtifltiRiA W1SC0NSINEN8I8 Rehm — On decaying leaves, Rock 
Harbor 

♦Discina MACH08P0RA Bubak — On rotten log, Smithwick Island 
This species la not given m Seaver (26) 

^Humaria thblsboloidks (A a S ) Rehm — On moose dung, Rock 
Harbor, and on very wet soil. Passage Island 
•Lampbospora carbonari a (Fki) Seaver — On soil, at the outlet 
of Chickenbone Lake The specimen has been compared with 
the cotype of BorUxea carbonarta (Fkl) Sacc m the Fariow 
Herbarium 

Laupbospora Crbo^rqurraultii (Crouan) Boud (Barlam os- 
perslla (Rehm) Sace.) —On wet soli, at the head of Tobin 
Harbor^ near Angleworm Lake, and at McCargoe Cove 
‘^Macropodu Cowum (Weberb) Sacc — On rotten wood, Mott 
Islimd 

Macropodu machofub (Pers) Fkl — On soil or rotten wood, 
McCargoe Cove, Rook Harbor, and Tobin Harbor 
PBXtBA ctTFBATA Schw —On Very wet conifer stump, above 
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beaver dam in the outlet of Mud Lake* at the west end of 
Siskowit Lake 

Feziza vesiculosa Bull (?) —On shady, mossy bank, head of 
Tobm Harbor 

Plicaria badia (Pers) Fkl —Common on rotten wood, Rock 
Harbor, Passage Island, Lake Eva, and Tobin Harbor 

PucABiA BBUNNEO-ATBA (DesiB) Rehm — On sod. Lake Eva, 
and Tobin Harbor 

Plicaria fimeti (Fkl) Rehm — On moose dung, Rock Harbor 
and Tobm Harbor 

Plicaru bbpanda (Wablb) Rehm — Two collections from rotten 
wood, Tobm Harbor 

Plicaria RUBBorirscA Rehm — Reported only by Rehm (24). 

*P8Eut>OPLBCTANiA NiORKLLA (Pers) Fkl — A Single collection on 
wood. Rock Harbor 

Pyronbma omphalodks (Bull) Fkl — On burned sod, Rock 
Harbor 

♦ScUTELLiNiA COPRINARIA (Cke) Kuntso (Lockneo capnnana (Cke) 
Phdl) — On moose dung, Rock Harbor and at the outlet of 
Siskowit Lake 

^SctrtELLiNiA FOsicARPA (Ger) Kuutse (Locknca ospera Saco & 
Syd) — On ground in arbor vitae swamp, Rock Harbor 

^ScuTELLXNiA OREGARXA (Rehm) Kuntso (Locknea gregaria (Rehm) 
Phdl) — A single collection on rotten wood, McCargoo 
Cove 

SctTTELLtNiA HEBCisPHERicA (Wigg) Kuutse (Lochnca ACffUS- 
phmca (Wigg) Gill) — Common oa wet, rotten wood, Rook 
Harbor, Mott Island, and Sargent Lake. 

*Scutellittia nuchiganeiiiis Povah, comb nov (PaieUa fmehtgmefy^ 
SIS Povah) — On moose dung, Moose Lake near Tobin Harbor 
and Sargent Lake Trad from MeCargoe Cove Coll by J L 
Lowe The Moose Lake ooUecticm (No fp 211, ooD by A H 
Povah) Is the type from which ^e speetes was described 
( 22 ) 

SonTBi4jiNiA scutbllata (L) Lamb (Locknea sctdeKofo (L) 
Gill) — Common oa wet, rotten wood and ocoanonal on soil 
and moose dung^ Rock Harbor and tobin Harbor 

SctPrsHLunu sittosA (Neee) Kuntze (Laefcnea eetoea (Neee) GUI) 
— A single collection on wet, rotten Wood, Tobin Harbor 



Fungi of I$h Royale 


131 


Ascoboi^ackab 

AacoBOLua arERcoRAEiua (Bull) 8chr6t — On moose dung, Sar¬ 
gent Lake 

*AacoooLU8 viNOsus Berk — On mooee dung, Eock Harbor This 
collection cannot be referred to A Btercoranus (Seaver, p 92) 
Aaci 150-170 X 20-25 m» spores 18 20 X 9 m 
•Ascophanus AROKNTEua (Crouau) Bond — On moose dung near 
Sargent Lake 

AaooPHAKua carnkus (Pers) Boud — On moose dung, mixed with 
£«a«To5o{us bngiseioeus Povah, at the outlet of Siskowit Lake 

Lasiobolus liONOierrosus Povah —Abundant on moose dung, 
Rock Harbor, Mott Island, and at the outlet of Siskowit Lake 


HBLVBntACEAB 


RHUINAB 


^PsiiiOPBSiZA NUMMULABiA Berk — On rotten wood, Chickenbone 
Lake 


HBLVKtLAE 


Gtromitba mruiiA (Pers) Qu^l — On ground in wet places, I^ke 
Eva, McCargoe Cove, Wallace Lake, Siskowit Bay, and Passage 
IsUu^ 

'^Hblvella atba Kdnig — On very wet soil, McCargoe Cove, Tobin 
Harbor, at the outlet of Siskowit Lake, and at the outlet of 
Chickenbone Lake 

HsLVELnA blastica Fr — On wet soil, Tobin Harbor and Siskowit 
Lake 

Bslybujl iNFCLA Sohacff Ail specimens collected are parasitised 
by S'ghmronmoUa HelveUae Karst, Wallace Lake 

EBLVlKLnA LACUKOSA Afsel FouT ooUeoUons in moist woods, 
Tobin Harbor, Hock Harbor, and Birch Island in McCaigoe 
Cove* 

QBOOLOSaAE 

'^AsiMTmiinnni OoBamsAci (Crouan) Boud Only two specimens 
Ob stieks In water, M<«mment Rock Trail This species is 
appamtiy known hitherto otdy from the New En^and states 

andWe 
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CuDONiA ciRciNANS (Pew) Ft — On ground rich in leafy debris, 
Tobin Harbor, Passage Island, and McCargoe Cove 

GEOGtOBSiTM OLABBUM Pcrs —Four colleotions, Tobm Harbor, 
MoCargoe Cove, and north of Hay Bay 

Geoolossttm nigritum Cke — A single collection, north of Hay 
Bay 

Leotia STiPiTATA (Bosc ) Schrdt — On rotten wood in arbor vitae 
swamp, Rock Harbor 

MiCROGiiOSSUM RuroM (Schw) Underw — Rather common on 
rotten wood, m wet places, Rock Harbor, Lake Eva, McCargoe 
Cove, and at the outlet of Siskowit Lake 

♦Mitrula iBBEOULARis (Pk) Dur — A single collection from mossy 
ground under conifers. Rock Harbor, and one from a swamp of 
arbor vitae. Rock Harbor 

MitrxjI/A PHALtiOiDEs (Bull) Chev — Abundant on decaying leaves 
m pools in swamps, Rock Harbor, Tobin Harbor, and Blake 
Point 

Spathulabu clavata (Bchaeff) Sacc — Common on rotten wood 
(white birch) and on soil m mixed woods, Rook Harbor, Tobin 
Harbor, Greenstone Ridge, and Passage Island 

Trichoqlossum hirsutum (Pers) Boud — A single collection in 
a swamp at the head of Rock Harbor 

ViBRissEA TRtJNcoEUM (A & S) Fr — Two coHeotioBs from sticks 
m running water, Monument Rook Trad from Tobin Harbor 

AGYRIALE8 

Exascacbab 

♦Taphrina Cerasi (Fkl) Sadebeck — Causing witches *brpoms on 
Prmue penmylvantca L, Lake Eva Trail 

TUBERALE8 

OXTOBNACEAE 

♦Okyoeita ooevwa a & S — On decaying feathers of a sea gull, 
Bat Island Apparently the only published record of this fungus 
in North America occurs in Bisl^, BuUer and Dearness, The 
Fungi of Mamtoha (1) Dr Thaxter informed the writer that 
he had collected this species on ovd pellets at JECittery Point, 
Maine Plate XXIII, Figure 1 
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Elaphomtcetac eae 

♦Elaphomycbs obanulatub Ft On surface of soil under arbor 
vitaei Lake Ritchie 

Tuberaceak 

♦Tubeb beparans Gilkey (?) — One inch below the surface of the 
soil, at the outlet of Chickenbone Lake Dr Gilkey vk rites 
“Asa and spores are immature, but structural characters of 
oortejc and hymemum are those of T licparana Gilkey ” This 
species was originally collected In California and has since been 
reported only once, from Winnipeg, Canada (1) Det by Helen 
M Gilkey 

PROMYCETES 

USTILAGINALE8 

UsTTIaAQINACEAE 

CiNTRACTiA cARicis (Pcrs) Magn — Rather widely distributed on 
Carex tnaperma Dewey, C atneia Lam, C paupercula Michx , 
C aurea Nutt, Setrpua enbterminaha Torr, and S caespttoaus 
L, Rook Harbor, Passage Island, Moose Lake, Tobm Harbor, 
Lake Eva, and Sumner Lake 

PUCCINIALES 

PUCCINIACBAB 

Gtmkosporangicm clavipes Cke A Pk — On Amelanckter apteaia 
(Lam) C Koch , Sargent Lake Trail from McCargoe Cove 
Gymkobporanqium JuNiPKBi Lfc —On Sorhun amertcaruif Rock 
Harbor This rust is exceedingly common and gives to the 
landscape a brilliant touch of color in late summer 

^PERiDBiuiiuM coLOBADBNSB (Diet) Arth A Kem — Causing 
witches-brooms on Ptcea canadenata, near old mine, Rook 
Harbor, and on high ndge, McCargoe Cove, causing witches^- 
brooms on P%eea manana, Rock Harbor 
PRBAOKmiini occiPENTAUB Afth — On R«6tts pamflorua Nutt, 
Rock Harbor and at the head of Tobin Harbor 
PaRAOMiOiini RosAE^AGicimABis Liro — On Roaa actculana Lindl, 
Bode Harbor, Mott Island, at the outlet of Siskowit Lake, and 
in an old bumed'*over area, Siskowit^ Bay 
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PcociNiA Abtbbw Duby — On Aster macrophyllue L, Rock Harbor 

*PucciNiA CAiiTHABcoLA Scbfdt — On CoWk* palustriM L , Pamgo 
Island 

PncciNu CmcABAB Pets — On Ctrccco cUptna L, at the head of 
Rook Harbor Coll byC A Brown 

PucciNiA oonolombbata (Strauss) Schmidt Kunze —On Pc- 
tasites palmalue (Ait) Gray, two collections, Rock Harbor, by 
C A Brown 

PucciKiA OORONATA Cda — On Cidamagroetie oanaderme, Passage 
Island and Rock Harbor, on Rhamnus alnifoha L'H6r, Rain¬ 
bow Harbor and Washmg^n Harbor CoU by C A Brown 

♦PnccmiA Epilobii DC — On Eptlobtuifi deneum Raf, Moose Lake, 
near Tobin Harbor Cdl by C A Brown Mains writes 
*^Thi8 spedeB is apparently only rarely odleoted in North 
Amenoa It is reported only from Wyoming, Quebec, and 
Greenland This is, apparently, the first collection on Epildbtum 
densum ’’ 

♦PuociNiA nxTBNsicoLA Plow — On Aster sp , Tobin Harbor and 
Moose Lake 

Puccwu ORAMINIB Pers — On Phkum pratense L, Rock Harbor 
and Forbes Lake, on Agropyron tenerum Vasey, Bock Harbor 

♦PtJcconA GRJNnaUAB Pk — On Soltdago sp , Mount Franklin 

PucciNiA Halenub Arth A Hoiw — On Uaknxa defiexa (Sm ) 
Griesb, Rock Harbor 

•PucfCiNiA Heucherae (S ) Dietl — On Mxtdla nude, L, Rook 
Harbor, Mott Island, Lake Ritchte, and at the head of Tobin 
Harbor 

PucciNiA HiBRAai (Schum) H Mart — On Hteraaum camderm 
Miduc, Hock Harbor and MoCargoe Cove, on Taimacum 
offiemale Weber, in old burned area, Siskowit Bay, on Hteramm 
umbeUatum, Rook Harbor 

PucomiA Iridib (DC) Wallr — On Iru rcrwcrtcr, Siskowit Bay 
OoII by C* A Brown 

♦PuooiMiA Luiobab Magn — On Lynmachta (errestris (L) BSP, 
growing on sedge mat on the shore of Moose Lake, Toldn 
Harbor 

PtrcciKu LiNKir Klotische -^On Viburnum pauctjhum Raf, 
Rpek Harbor, at the head of ToUn Harbor^ and Passage Ittend 
The rust affects the leaves, petioles and tender stems, oftmiUmes 
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causing marked distortions When fresh the fungus possesses a 
very disagreeable odor, which is thought to be attractive to m- 
sects, since flies were frequently observed crawling over the son 
PucciNiA Mentha® Pers — On Saiurejo mlgans (L) tntsch, 
Rook Harbor Coll by J B McFarlin, on Mcrttha arvensts 
var canaden6i$ (L) Bnq , at the west end of Siskowit Lake 
PucciNiA MESOMEOAi^A B & C — On Chntonio harealu (Ait ) Raf , 
Rock Harbor Coll by C A Brown and J L Lowe 
*PucciNiA TERMiNUTA Arth — On Ctnm kUifolta (Trev) Griesb, 
at the head of Tobin Harbor Mains wntes Probably best 
considered a race of P ruhtgo-vera ” 

PucciNiA PoAEtTM Niels — On Poa sp , in dry, rocky place along 
3argent Lake Trail from McCargoe Cove 
PncciNiA Pbinoshkiuuna Kleb — On Rtbes pro9ir<Uuin L^H4r, 
Waehmgton Island in Washington Harbor Coll by C A 
Brown 

PucciNiA TTOMABA Eiikss — On Oryzopsis aspenfoha Mi^hx, at 
the head of Tobin Harbor and Sargent Lake Coll by J B 
McFarlin and J L Lowe 

♦PuccmiA PvitoLA® Cke — On Polygala pavciflora Willd , McCargoe 
Cove, ooU by C A Brown, and Lake Ritchie 
PtJCCtmA BUBioo-VKRA (DC) Wint — On Thalxetrum dwsycarpum, 
head of Tobin Harbor CoU by C A Brown 
•PucciNtA SESSiLifl Schneid — On Matardhetnum canadense Desf, 
m very wet place on Mott Island 

PuccwiA VionAB (Schum ) DC — On Vtoh renxfolta Gray, Mott 
Island, ooU by C A Brown, on Viola $p in swamp, Rock 
Harbor, and on high rocky ridge, Forbes Lake 
•PucemU WAtoaTBiNiA® M A Curtis — On Waldstetma fraga- 
(Miejhx.) Trattiniok, on Greenstone Ridge near Mount 
Qiibway (Sec 21,T 66N,R 34W) 

^UnowTCBS AJfosJNVa Syd On AmphalH matgartiac$a (L) B & 
H, Rock Harbor Mains writes '^Previoudy reported only 
northwestern United States and Bntiah C^umlna 
Uromtcws Fabab (Pers ) DeBy — On cchroteticiw Hook, 

MotwAFraakHnCSeo 21, T eflN,R,34W) CoU by J L 
Isme 

URoinPCBft Hrpiteici <Schw) Curt — On Uypermm vxrginxmm L, 
MooaeLakei 
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*UROMYCi 5 g Jackbonii Ajrth & Fromme — On Deachampata ap , 
Rock Harbor Mama writes ^‘Previously reported only from 
the Pacific Coast 

Uromtc£8 Tripolii (Hedw f) L^v — On Tnfohum repena L, 
Rock Harbor 


MaUlMPSORAC EAB 

Calyptospora GotppERTiANA J KUho —On \acctntum pcnn- 
aylvanicum Lam , at the head of Tobm Harbor 

Chrybomtxa Cassandrae (Pk & Chnt) franzs —On Ckamae^ 
daphne calyrulata^ Rock Harbor 

•Chrtsomyxa Chioolnis Diet — On Chwgetiea hiapidula (L) Torr 
A Gr, Rock Harbor 

Chrvsomyxa EEDiconA Lagh — On Ptcea martana (Mill) BSP, 
and on Ledum groenlandtcumf Lake Eva, Rock Harbor, and 
Benson Lake 

Chrysomyxa PyRoi4AE (DC) Rostr —On cones of Pxcea cano- 
denataf island near McCargoe Cove (Sec 16, T 66 N , R 33 W ), 
on Pyrola aecunda L, Rock Harbor and Tobin Harbor, on 
Pyrola chlorantha Sw, Moose Lake, on Moneaea umflora (L ) 
Gray, Rock Harbor 

CoLEospoBiuM SouDAOiNis (Schw) Thftm — On Aater macros 
phyUuB L, at the head of Tobin Harbor 

Cbonabtium Commandhae Pk — On Camn^ndra pallida A DC , 
Benson Lake, and on Commandra Uvula Richards, Lake Ritchie 
Trail 

Hyalopsora AspiDioTue (Pk) Magn — On Phegopteria dryopieru 
(L) Fee , Rock Harbor 

Mblampsora Humbomitiana Speg — On Saltx ap , Rock Harbor 
and Benson Lake 

^Melaupsora Popuu-Tsugak J J Davis —On Populua trmvr 
UndeBf Rock Harbor and in old burned area, Siskowit Bay 

Mxiampsobex^ Caryophyli^aciisabum Schrfit — On Alnea hoi- 
aamea, Rock Harbor and Mott Island, on SieUana ap , Passage 
Island 

*MELAMPsoRn>trH BBWhmvu (Tul} Kleb — On seedlings of Betula 
alba var papynfera, McCargoe Cove 

PucciinASTRUM EpinoBii Otth — On Eptlobtum adenocauUm 
Haussk, Sargent Lake Trail, and at the head of McCargoe 
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Cove, on E anguatifohum L, m old burned area, Siskowit 
Bay 

“PucciNiASTKUM PoTFNTiLLAE Koin — On PvUnttlla tndentaia Ait, 
two collections, rock crevices near water’s edge, Hock Harbor 


BASIDIOMYCETES 

TREMELLALES 

AtTRICULARlAt E Al 

AuRiGUiiAKiA AUHICULA-JUDAB (L ) Schrdt —On coniferous wood 
and on bark of mountain maple, Sinithwick Island, Tobin Har¬ 
bor, and at the outlet of Siskowit Lake 

TREMELLACrAE 

Exinu OLANDULOSA (Bull) ex Fr — On alder and white birch, 
Tobin Harbor and Smithwick Island Hafher common 

Qyrocephalvs RUFUS (Jacq ) Bref — On coniferous wood, McCar- 
goe Cove and at the outlet of Chickenbonc Lake 

*Tbemeua bncEphaua WilJd — On tw ig of balsam fir, Ryan Island 
in Siskowit Lake 

Tbkmella mesenterica Ret* — On alder, Moose Lake, McCargoe 
Cove, and Tobin Harbor 

TremeUiODON geuatinosum (Scop) Pers — On coniferous logs, 
Moose Lake and Passage Island 

^Sebacina caucka (Pers) Bros — On Ptcea sp , Moose Lake 

Dacryomycetaceae 

Caixx^era pauuta (Sohw) JEr — On log of frondose species, at 
the head of Tobin Harbor 

Dacbvomyces deuouesceks (Bull) Duby On alder and Thu^a 
ocadenkHta, at the head of Tobin Harbor, Smithwick Island, 
Scoville Point, and at the west end of Siskowit Lake Common 

'^DACRtoirYCBa palsutus (Schw) Burt — On coniferous wood, es¬ 
pecially spruce, Monument Rock Trail, Moose Lake, Ryan 
X^and in Suiko^t Lake, and at the west end of Siskowit Lake 
CcsiunoB 
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AGARICALES 

Tkslephoeackah 

Alburodibcus AMOHPHUfl (Pers ) Rabh — On Ahiee halaamea, Rock 
Harbor, and at the outlet of Siskowit Lake 

♦Alkurodisctts nivobus (B a C ) V H A Litsch — On Thu^a 
oectdentahs, Rock Harbor, Tobin Harbor, and MoCargoe Cove 
This is, apparently, a new host Burt (3) reports it on two species 
of Juniperus and Chamaeoyparis 

•CoNiopHORA BYS 801 DEA (Pers) Ff — On coniferous log, old Poly- 
stictus, and on d^bns of forest floor, Tobin Harbor and Moose 
Lake 

•CoBTiciUM cAiiCBUM Ft emend Burt — On Thuja occukntalUf at 
the outlet of Siskowit Lake 

CoRTiciUM LABTUtt (Karst) Bres — Collected only by Stunts and 
Allen (4) 

CoRTiciuu niviDo-GABRULmrkf Karst — On under side of coniferous 
log, a single oolleotion, Tobm Harbor This specimen has been 
compered with the type m the Von Hdhnel Herbanum m tbc 
Farlow Herbarium In the former herbarium is another coUeo- 
tion of interest, E T Harper and S A Haxper No 985 It is 
this same species, collected in 1004 at Rock Harbor, Isle Royale 
It was determined by Bresadola and on the packet the spores 
are given as 7-11 X 3-4 6 

♦CoRTiciUM uviDtJM Pers — On log of Ptcea canadenmf Monument 
Rock Trail from Tobin Harbor 

♦CoRTiciTTM vEsrc0toeir« Burt(?) — On under side of coniferous 
log, Tobm Harbor The specimen is referred to this species al¬ 
though growmg on a coniferous substratum No gloeooystidia 
were found, but vesicular bodies toe present 8moe no authen¬ 
tic specimen was available for comparison, the identification is 
marked “uncertam ** 

♦CTPHsaitA PAsciCTiLATA Schw 6x B AC — On branch of frondose 
species, Rock Harbor 

CTPHBUiA Tiliab Pk ex Cke.On twigs of Tkuja (mdenialte, 
McCargoe Cove 

Crnou sAUciif A (Ft) Burt — On alder and willow, Rock Harb(» 
and Siskowit Iske 
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ExoBAfiiDiUM Vaccini (Fkl) Woronin — On Ckamaedaphne calym- 
laia, Rock Harbor, and on Vaccxntum pennsyUanxcuirif Tobin 
Haitor Det by E B Maine 

Hyicenochakte agqlutinans Ellis — On living Alnm tncana, at 
the outlet of Biskowit Lake 

Hymenochabts cokrugata (Fr) L^v — On Picea canadensis and 
Thttja ocadentahs, at the ouUet of Siskowlt Lake and at Tobin 
Harbor^ also by Allen and Stunts (4) 

Hymbmochabte tabacina (Sowerb) L4v — Common On spruce, 
white birch, alder, and Thuga ocetdentalts, Smithwiok Island, 
Rock Harbor, Mott Island, McCargoe Cove, and at the outlet 
of Siskowlt Lake also by Allen and Stunts (4) 
•Hymbkochabtb tenuis Pk — On Thtija occuientalts, at the outlet 
oi Siskowlt Lake 

Hypochnus cebvinus Burt —* On moose dung, Rock Harbor 
♦Hypochnus PAUunoruLVUs (Pk) Burt — On PeUtgera sp and on 
old alder, Passage Island and McCargoe Cove ' 

Hypochnus pannosus (B & C ) Burt — On log of frondose species, 
Tobin Harbor 

Hypochnus rubiginobu$ Bres — On arbor vitae, McCargoe Cove 

Peniophora aurantuca Bres — On Alnus tneana, Rock Harbor, 
Moose Lake, and at the head of Rock Harbor 

Peniophora cinerea (Pers) Cke — On alder and white birch, 
Rock Harbor and Smithwick Island 
♦Peniophora Fn4AMENT0SA (B & C ) Burt — On white birch log, 
McCargoe Cove 

Peniophora oioaNtea (Fr} Mass — On Alnus sp, at the outlet 
of Siskowlt Lake 

♦Penioprora oubbulosa Bres — On dead twigs of Abies hakameaf 
Bock Harbor 

Pbkiophora moARNATA (PcTS ) Bies — On Populus tremuhideSf 
Roek Harbor 

♦Peniophora populmea (Pk) Burt —On Poptdm trmulouks, 
Rode Har|)ot and Mount Franklin 

Solenxa ahohAi^ (Pers) Fid — On white birch log, Tobin Harbor 

Spereoh AElEtmuH Pem — On balsam fir log, McCargoe Cove 

Schw — Collected only by Allen and Stunt* 


WilW ex Fr — Common on white Wroh, 
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Smithwick Island, at the outlet of Siskowit Lake, Tobin Har- 
bor, and McCargoe Cove 

Stekkitm MuttEAYi {B <fe C) Burt —On white birch, Tobin 
Harbor, on Beiula luiea, north of Siskowit Lake, and on 
frondose species, McCargoe Cove 

Stereum purpuueum Pers — Common on white birch and quaking 
aspen, Moose Lake, Tobin Harbor, McCargoe Cove, at the 
outlet of Siskowit Lake, and at the head of Tobin Harbor 

Stkreum BuruM Fr —On Populta iremuhtdeBt Mount Franklin, 
Tobm Harbor, and Rock Harbor 

*Stehbum sanguinolentom a & S ^— On dead Abtea haUameat 
Passage Island and Tobm Harbor 

Thblephora ANTHocEPHAtA (Bull) Fr — On ground under coni¬ 
fers, McCargoe Cove 

Thelkphora MULTiPAKTiTA Sohw —On ground in mixed woods 
near the water^s edge, at the head of Tobm Harbor 
♦Thelephoba scissiLis Burt — On gnmnd, at the outlet of Chicken- 
bone Lake Although known only from the type collected in 
Washington, the specimen is referred to this species after having 
been compared with the type Plate XXII, Figure 1 
♦Thblephora spicolosa Fr — Growing on leaves and slightly aa- 
cending stems, at the outlet of Chickenbone I^ike 


♦Clavaria APPALAcHiEHSis Coker — In arbor vitae swamp, north 
of Hay Bay 

Clavaria cinerea Bull — On ground, Angleworm Lake, m mixed 
woods, Sargent Lake The plant is white, with a purplu^ tinge 
when fresh, with the tips almost while, but darkens in age The 
spores m our specimens measure 7 7-10 X 7 fi 
Clavaria cbistata (Holmsk) Pers —In white birch forest, Sargent 
Lake, and near the outlet of Chickenbone Lake 
Clavaria inaequaus Mtill — In arbor vitae swamp, Lake Ritchie, 
m swamps, Rock Harbor, at the outlet of Chickenbone Lake, 
and Siskowit Lake 

Clavaria lioola Schaeff — On comferous duff and in aibor vitae 
swamp, McCaigoe Cove, at the outlet of Chickenbone Lake, 
and at the outlet of Siskowit Lake 
♦Clavaru OBtnsigsmA Pk In mued woods, north of Siskowit 
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Lake, Rock Harbor, Lake Ritchie, and McCargoe Cove The 
last-menlioned collection has the following field notes “Plant 
cadrnlum yellow (R) when young, changing to deep chrome 
(R) when mature, whitish at the base, tips concolorous with 
the branches, flesh white or pinkish, not changing color when 
bruised, brittle, taste mild, odor slightly disagreeable, spores 
pale ochraceouB, ^10 6 X 3 5-4 6 /x smooth ” 

Clavaria pisTiLLARls L — Three collections, Rock Harbor, Sisko- 
wit Bay, and at the head of Rock Harbor 

Clavahia pulchra Pk — In arbor vitae swamp, I-^ake Ritchie, 
and on Ryan Island m Siskowit Lake 

*Clavaria stricta Pers — On wood, Rock Harbor The material 
agrees with a specimen in the Farlow Herbarium, collected near 
Ithaca, New York, by Kauffman 

Lachnocladium bp (?) ^ On sticka and on moose dung Imma¬ 
ture At the outlet of Chickenbone Lake 

HrONAC£A£ 

*Hvdnum albidum Pk — In arbor vitae swamp, McCargoe Cove, 
and in mixed woods, Passage Island 

Hydnxjm AnBO-NiORUM Pk —On low, wet ground, Chickenbone 
Lake 

♦Hidnum albovihii)® Morg — On under side of Thuja occtdenUdiSt 
at the outlet of Siskowit Lake 

Hvdnum aurantiactom Fr —On ground under conifers, Sargent 
Lake 

•^Hydnum OASBAREtTM Mofg On Under side of rotten log of 
frondoee species (poplar ?), Tobin Harbor The collection agrees 
with a specimen m the Farlow Herbanura, collected and deter¬ 
mined by J R Weir The spores are globose, hyaline, and 
measure 4~5 

Htdkuu cTANKOTiNcTtTM Pk — On soil in mixed woods, McCargoe 
Cove 

HYomrM BETNAc»ns (Bull) Fr — On Populus tremuloideSt Sumner 
Lake 

*HVDNtTM PARiNACBUM Pers (?) — On bark of Pinus StrebuSt 
MoCargoe Cove 

Hypnum ibcbiucatch (L) Ft —On ground, Bailey^s Island, in 
Tobin Hubor, head of Tobin Harbor, and on Pasi^ Island 
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♦Hydnum tACjNUTUM Leew —On white birch log, Birch 
McCargoe Cove 

Hydnum oohracevm Fr — On white birch and alder, Tobin Harbor 
and Rock Harbor 

Hydnuu zqnatum Bataoh — On soil in balaam hr woods, Tobin 
Harbor and Moose Lake 

Oix>NTiA WMBRiATA Pers ex Fr — On wood of frondoee SfMcies, 
including quaking aspen, Rock Harbor and Chlekonbone Lake 
♦Odontia PnuNi Lasch — On Prunm pennaykanicaf north of Sis- 
kowit Lake 

Odontia bimo&xbsiua Pk —• On alder and white biroh, Rock Harbor 
and Smithwiok Island 

OnoNTiA VBflicxjnosA Burt ined — On white birch, Rook Harbor 
A fragment of the type m the Farlow Herbarium shows that 
Burt named this species from material collected by the writer 
at Vermilion, Michigan (cf Povah, 20, p 262) 

Phlebia piLBATA Pk —On poplar, felled by beaver, near dam, 
Siskowit Lake 

^Radulum orbicularb Fr — On alder and white birch, Hidden 
Lake, Tobm Harbor, and Duncan Bay 

PoLYpOEACBAB 

BonBTiNUs picTua Pk — Three collections in mixed and coniferous 
woods, McCargoe Cove and Tobin Harbcwr 
Bolbtub acABBB Fr ~ Rook Harbor 

^hotZTVB scABBB Fr vaf AORANTiACA Pk -- Under oonifeiR, Rock 
Harbor 

BotETos BUBQLABRIPE8 Pk — Under oomfers, Saigent Lake 
BotEirus suBTOMBNTOSUs L In low, wet, mixed woods, Hidden 
Lake. 

Dabdalsa uhxoolor (Boil) Fr — On po|to and mountain ash, 
McCargoe Cqve and Siskowit Lake 
Pomes applakatcs Oill ^ On white birch, Tobin Harbor 
Fomes ooNcMATim (PcTS ex Fr ) Karst ^ On dead Fraxtnue ntgra 
in swamp, at the bead of McCargoe Cove An interesting ooUeo- 
tion becaW the specimens are pileate 
Fomes conkatus (Weinm) Ofll On Acer rubnm L, Mount 
Ojibway, and on hving A eatxharum Marsh, north Hay Bay 
Fomes pomentarius (Fr) GWl — On white biieh, Tobin Harbor^ 
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Fombb ignuriub (L ex Fr) Gill — ParaBitic on Populus 

htdes^ Rook Harbor, Hidden Lake, and Tobin Harbor, parasitic 
upon OHrya wr^tmca, north of Hay Bay, on dead alder, Sis- 
kowit Lake and Rock Harbor 

Fomks nigricans Fr ex Gill — Parasitic upon white birch, north 
of Siskowit Lake, north of Hay Bay, ami on Smithwick Island, 
on rotten log, Moose Lake, on Beiula luUa^ north of Siskowit 
Lake 

*Fomk 8 PiNi Brot ex Fr Karst — On stump of Pxnm Strohusy Lake 
Eva 

Fomes pinicola (Schw) Cke — Common on various conifers, Rock 
Harbor, Tobin Harbor, McCargoe Cove, and Siskowit Bay, on 
white birch, Tobin Harbor and Siskowit Lake, on Populus 
tremuloides, Tobin Harbor 

Fomes rosbus (A & S ) Cke — Rather common on comferous logs, 
Tobin Harbor and Siskowit Lake 

Fomes scutellatus (Schw ) Cke — Infrequent on alder, Ha j Bay, 
Lake Ritchie, and at the outlet of Chickenbone I ake 
Lenbites bbtuuna (L ) ex Fr — Infrequent on white birch, Todd 
Harbor 

Lenzitbs SEPIARIA (Wulf) Fr — Rather frequent on conifenius 
logs, Tobin Harbor and Rock Harbor, on willow, Tobin Harbor 
Merouus beXiLVB B a C — On coniferous log, Rock Harbor 
Merulivs GYROSts Burt — On under side of frondose log, Tobin 
Harbor, and on under side of birch log, McCargoe Cove This 
is apparently the first collection since the type was found In 
the present specimens ttie spores, measunng 5-7 X 1-1 5 /i, are 
slightly longer than those in the type collection 
Meruuub niveub Fr — On alder, McCargoe Cove Collected also 
by Allen and Stunts (3) 

PoLYPORUB ADUSTUS (WiUd ) ex Fr — On poplar and white birch, 
Chickenbone Lake, Angleworm Lake, and Duncan Bay 
PoLYPORUB ALBELLtTB Pk —On white birch, Bock Harbor, on 
alder, Tobin Harbor and Rook Harbor, on Beluha iuica, Siskowit 
Lake, (m mountain ash, Siskowit Lake 
PoLYPORt 7 g ALBOLUTEVB E * E — A Single collection of Ptcea 
eanadeimt, Tdt>m Harbor This, with tubes measunng 7-17 mm 
in length, is more like the western spedmene 
PoLYFOBve ALt7TACEGS Fr (P guUuktus Pk) — Common on co- 
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mferous wood, wpedally spruce and balsam fir, Tobm Harbor, 
McCargoe Cove, Sargent Lake, Chickenbone Lake, north of 
Siskowit Lake, and at the outlet of Siskowit Lake 
PotTPORim BAL 6 AM 20 S Pk — On root of Alnee bcdsameaf at the 
outlet of Siskowit Lake 

PoLYjpoBUS BBKSOINT7B Wahl ex Ft —* On oomferous log, Big 
Island <in Tobm Harbor) and Chickenbone Lake 
PoLYpOEue BKTOLmus BuU ex Fr —Common on birch, Tobin 
Harbor and Siskovdt Lake 

PoLYPOKXTs BORBAiiis Fr — On stump of Ptcea canadenne, Wallace 
Lake 

PoLTPOBtTB BBUHAUs Fers cx FT — On alder and other frondose 
species, Moose Lake and north of Hay Bay 
PoLTFOBirs cBiONBue Ft — On alder and white birch, Hock Harbor, 
Tobm Harbor, and McCaigoe Cove 
*PonTPOBU6 aBCiXATUB Fr —Rather common on ground in oo~ 
mferous woods, Rock Harbor, Tobin Harbor, Moose Lake, 
Wallace Lake, at the head of Tobin Harbor, and Forbes Lake 
♦PonTPOBxrs coNPLuvNa Fr — A single collection from soil under 
conifers, Tobin Harbor Coll by J L Lowe and C A Brown 
Kauffman collected this species m Colorado (16) and Tennessee 
Det by J L Lowe 

PoLYPOBUs nicHROus Fr — On rotten log, at the head of Tobm 
Harbor 

PonrpoROS nieroBTUs Schw ex Fr — On soil m mixed woods, 
McCaigoe Cove 

PonvPOBOs DRYOPHtLus Berk. — On Prunua penneykainca, Lake 
Eva Trail, McCaigoe Cove The specimens are smaller than 
umial, since they measure 2 5^6 cm broad, but they show the 
diaraotenstie woody, centra core The host is apparently un- 
repo^ted for this country, although Bourdot and OalsiB (2) 
record Frunus for France 

PoLYPoBUs annoAKs Bull ex Fr* — Common on birch, alder, and 
willow, Rock Harbor, Tobin Harbor, and McCargoe Cove 
PotTPOBUB rim»ittost7S Kawt — On very rotten balsam fir and 
on white birch Overholts (Ifi) says that it grows on wood of 
ooxdferous trees In Europe it is found on poplar as well This 
Is apparently the first reco^ on birdi, 

PoLTFOBos PBAOiua Fr — Catudnk a heart rot of Ahm j 
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Duncan Bay Coll by C A Brown It is interesting to note 
in Fries (12, p 646) "Ad ligna abiegna carle consumta " This 
IS apparently a new host, Seymour (26) gives A grandts Llndl 
and Sacoardo gives A pecitnaia DC The Isle Royale specimens 
resemble very closely specimens collected by Farlow m Chooorua, 
New Hampiiure (1917), and determined by J R Weir 

PoLTPORUB HiBTUs Qu61 — Common on comfers, usually on the 
roots On Abies balsamea, Passage Island, Chlckenbone Lake, 
and McCargoe Cove, on Picea canadensis, Ryan Island in Sis- 
kowit Lake and Ghiokenbone Lake The species is usually con¬ 
sidered rare both in Europe and m the Umted States It is 
easily distinguished by its large fusiform spores Kauffman (14) 
reported it from Isle Royale as Polyporus hispideUus Pk Plate 
XXIV 

PoiiYPOBUs LACTEtJB Fr — On alder, Siskowit Lake, on balsam fir, 
MoCargoe Cove 

♦PoLTpoBUS uouJB (PoTB ) Ff — On spruce, two collections, Tobin 
Harbor, coll by A H Povab, McCargoe Cove, coll by J L 
Lowe, on conifer log, Tobin Harbor, on ground under conifers, 
head of Rock Harbor, coll J B McFarlin Overholts writes 
"While your coUections mdioate that the species is not uncom¬ 
mon in the region where these were collected, yet in general it 
must be a rather uncommon plant Very few coUections have 
ever reached me ” The species was reported by the writer (21) 
from Rook River A reexamination, however, of this specimen 
shows that it is not of this species The present Isle Royale 
material becomes, therefore, the first Michigan collection Del 
byL 0 Overholts 

PonTpoRUs parqambnus Fr — Rather infrequent, on poplar and 
white birch, Tobin Harbor, WaUace Lake, and Ryan Island in 
Siakowit Lake 

PoLTPORtm PiciPBs Fr Rather common on coniferous wood, 
Rook Harbor, Tobin Harbor, and Moose Lake 

POLicpORoe RADUTmB Sowerk ex Fr ^ On alder, Rock Harbor, 
and on white birch, ai the outlet of Chiokenbone Lake To 
the writer the spores appear pale brown under the microscope, 
althaugh both lioyd and Overholts say that they are hyaline 

PotTPOBUs RBsirFOSUa Schrad e» Fr — On birch, north of Siskowit 
Lake and north of Hay Bay 
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PoLYPOKus ScHWEiNiTZii Fr -'On living and dead Picea canadermSf 
at the outlet of Chickenbone Lake, MoCargoe Cove, and Lake 
Ritohie, on white pine stub, Lake Eva 
*PoLYpoRU8 (Lbptoporus) trabeus Rost aemu Bresadola — On 
coniferous log, north of Hay Bay Det by D V Baxter 
PotYPORue UB8INU8 Lloyd — On coniferous wood, especially 
spruce, Hay Bay, Tobin Harbor, at the outlet of Mud Lake, 
and at the west end of Siskowit Lake 
PoLYSTiCTUB ABIET 1 NU 8 (Dicks ex Fr) Cke — On coniferous wood, 
including spruce, Rock Harbor, Tobin Harbor, and at the outlet 
of Siskowit I ake 

PoLYSTicTUs coNCHiFER (Schw) Sacc — On white birch twig, Sis¬ 
kowit Bay This host is not given in Seymour (26) 
PoLYSTicTus HiRsuTus (Schrad ) ex Fr —On alder and willow, 
Tobin Harbor and Rock Harbor 

PoLYSTicTUB PBRBNNis (L ex Fr) KaTst — On ground, Tobin 
Harbor, Angleworm Lake, and Hock Harbor 
PoLYSTicTUB pirBEBcENS (Schum ex Fr) Lloyd — On alder and 
birch, Siskowit Lake and Forbes Lake 
PoLYBTicTtra VELUTiNUS (Pers ) ex Fr — On poplar, birch, and 
alder, Tobin Harbor, Rock Harbor, and Moose Lake 
PoRiA ATTENUATA (Pk) Cke — On rotten log, Rock Harbor 
PoRiA CARBONARIA B A C {Fttscoporta carhonana (B A C) 
Murr, Trametee Sequotae Copeland) —On charred wood of 
white pine, at the outlet of Chickenbone Lake 
PoRiA CRUSTULINA Bres — On spruce, Rock Harbor, at the head 
of Tobin Harbor Baxter writes 1 have compared this with 
the type specimen My herbarium contaiiu several collections 
of this plant from different sections of the United States It is 
common m certain sections of the Rocky Mountains and m the 
Yukon, as well as in parts of northeastern North America 1 
plan to discuss this poHa in a paper to appear in a future volume 
of this pubhcation 

PoHTA FERREA Pcrs — On hardwood hmb on ground, Bock Harbor 
Baxter writes *^This plant is exactly similar to the one of Pona 
fcrrea which I have received from Romell ** 

*PoRu FERRuoiNBO-rcrscA Karst, (P margtndla (Pk) Saco) — 
On old spruce log, Tobm Harbor 

PoRiA FERnooiNOSA (Schrad} Fr — On Tku^a occuknidhe and 
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Acer iocchanmf at the outlet of Siakowit Lake and Greenstone 
Rldge^ north of Hay Bay 

♦PoniA FiMBRtAT£.LLA (Pk ) Sacc — On coniferous log, Siskowit Bay 
PoHJA LENI8 Karst — On coniferous log in old burn, biskowit Bay 
PoBiA BUFA (Schrad) Fr — On under side of spruce Jog, Rock 
Harbor 

PoBiA 8UBAC1DA (Pk ) Sacc — On spruce and white birch log, Rock 
Harbor, McCargoe Cove, and at the outlet of biskowit Lake 
*PoBiA atTBicuiiOSA (Pk) Cke — On conifer log, Moose Lake 
♦Ptychogastek citrinus sensu Romell — On under side of 
poplar (?) log, Monument Rock Trail from lobin Harbor 
Baxter writes **This plant is closely allied to Polyporus aericeo^ 
moUtif which is found on conifers The older and more mature 
specimens in the collection do not show this so h ell as do the 
other portions of the collection Ihe ^cottony* mycelium in 
the badly decayed wood is very characteristic of this group of 
plants, which belongs to the senes name<l Polyporus vaillanittf 
^der HauBschwamm,' in Metz This collection from Isle Royale 
shows both basidiospores and abundant subglobose and vanable 
chlamydospores The baaidiospores of P cttrinua are only very 
shghtly larger than those of Polyporue sertceo^mollis Det by 
D V Baxter 

Tramktes cinnabarina Ft — On white birch and other frondose 
species, Moose I^ka and Tobin Harbor 
Trambtbs Pini Thwe ex Fr —On spruce, fairly <K>mmon, Rock 
Harbor and Tobin Harbor 

Tramktes qubrcina Lloyd {Polyporus arctieua Ft) — On white 
birch, Siskowit Bay Two specimens in the Farlow Herbanum 
(ex Herb EJlls), oollected in Colorado by Demetno m 1888, are 
the same plant Since the name Trameiea ariiaia Berk is a 
synonym for Fomea PaUiaen Berk , Lloyd’s name is used because 
the plant is a Trametes rather than a Polyporus 
Tramktes befium Berk —On under side of decorticated bal- 
wwn (?) loffi McCargoe Cove Det by D V Baxter 
Tramktbs subrosba Weir — On living and dead Ptcea canaderms, 
Eock Harbor, Hay Bay, Tobm Harbor, and at the outlet of 
Siskowit Lake 

Traubtes TENtTts Katst — On various comfers, including Thuja 
ocetdenhlta and Ftnus Strohua, McCargoe Cove, Siskowit Lake, 
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Forbed Lake* Rock Harbor, and at the west end of Siakowit 
Lake Det byD V Baxter 

Trambtes VARnroRiOB Pk —On under side of Ptcea conodcnwrlog, 
ToWn Harbor 

TRAJCBT 118 VAEnFOBMis Pk var INTKBRXTPTUS Pk — On oomfer log, 
Tobin Harbor 

Tbambtbs VARiiFORMiB Pk vsr NODioosus Pk “ On spruce log, 
Slskowit Lake, on conifer log, Tobin Harbor 

Trambtbs VARIIFORMIB Pk var RBsupiKATUfi Pk — On under side 
of log of Ptcea canadenstSf Rock Harbor 

Aoaricacbab 

Amakita flavoconu Atk — Under conifers, at the outlet of 
Cbickenbone Lake 

*Aiiaxita htoroscopica Coker — Under spruces, Tobin Harbor 
Det byA H Smith 

AMANtTA MU8CARIA Fp — UndcT arbor vitae, Sargent Lake Det 
byA H Smith. 

Amakita tombntblla Kromb — In mixed woods, Siskowit Lake, 
also reported by Kauffman (15) 

Amanitopsis vaoinata Ft var livida Pk — Rock Harbor 

ARMiiiLARiA MELLEA (Vahi) Fr —On spruce root, north of Hay 
Bay 

Caktrarellus CIBAIUT7B Fr — Tobin Harbor, Sargent Lake, and 
McCargoe Cove, also reported by Kauffman (15) 

^CANTBARsntTrs CLAVATUS Ft — In mixed woods, Tobin Harbor 
and MoCargoe Cove 

CAKTHAREixtrs iKFONDiBtruFORMiB Fr. — Under arbor vitae, Sar^ 
gent Lake 

*CAKTaAREnLtrs MULiTPLKX Underw — On conifer stump, north of 
Hay Bay 

CuTOciiiE XKFUKDXBUUFORMIS Fr — Under conifers, Moose Lake 
and McCaigoe Cove, also reported by Kauffman (15) 

CuTOOTBE LACCATA Ft VAT AMBTHYSTIKA Bcrft — lU mll^ WOOds, 

Rode Harbor and Tobin Harbor 

CuTocYfia ocBBOFcmpimnA Berk — Ret>orted only by Kau£hnan 
(16) 

CottTBtA CONFL17EKS Ft — Under birdi trees and arbor vitae^ 
Saigent Lidee and l^akcwit Ldre 
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CouLTBiA DRYOFHiiiA Bull — In mixed woodB, Rook Harbor and 
Moose Lake 

COU/YBIA FAMiniA Pk (?) — On rotten log, Ryan Island in Sis- 
kowit Lake 

Cox4tYBU ifACTTLATA A A 8 — Reported only by Kauffman 
(15) 

CoRTTKARnJB AHMiUATiTs Fr ““Under conifers, McCargoe Cove, 
also reported by Kauffman (15) 

CoETOfARius ruuoNEue Fr var auLPHuaBUB Kauff — Siskowit 
Bay 

COBTINARIUS MAMMOBU8 Kauff — In mixed woods, Rock Harbor 
♦CoHTiNABiufl Mobbisii Pk — In wet woods, Rock Harbor 
CoBTiMABiUB uuciTUVV^ Fr — In low, wet woods, Rock Harbor 
CoRTtNABiUB SANOtJiNBUs Fr — Reported only by Kauffman (15) 
CoRTWABiira BPBAQNOPRinuB Pk In Sphagnum bog, Rock 
Harbor 

CoBTZNABins viOLACBim Fr — Lake Eva, near Angleworm Lake, 
and Passage Island, also reported by Kauffman (15) 
CwcpmoTiTB rtJLVOTOMENTosus Pk —On poplar, Mott Island, 
Rook Harbor, and near old lighthouse 
Htorophobob coNicufl Ft — Infrequent In wet woods, McCargoe 
Cove 

HTaBOPBOBca miniatus Fr — Tobm Harbor 
Hyobophobob KiTiDOB B <fe C — Sargent Lake 
Hyobofeoetts Pbcui Atk —In mixed woods, McCargoe Cove, 
also reported by Kauffman (15) 

Hyphoooma PBBFUSXOM Pk —Tobin Harbor 
iNOOYBSt cAtABasTBATA Fr —Under balsam firs, head of Tobin 
Harbor 

Ikocybb tBpropHYiiLA Atk In Sphagnum bog, Rock Harbor 
Laotabios ciNBRSva Pk Report^ only by Kauffman (15) 
Laotariob nBcnmvua Pk — imported only by Kauffman (16) 
LAOYABinft DBUctOBtTB Ft — Itt adder, arbor vitae swamp, McCar- 
foe Cove, aJso reported by Kauffman (25) 

LAOTABttrs atrrns Fr In swamp, Book Harbor 
XiAOTAWja BOBQBXoxnjiToa Fr — Under conifers, Sargent Lake 
LiCTARnjB YOBwmoatrs Fr Under conifers, Rock Harbor, also 
reported KauffmAn (15) 

liAOtAiuna mrrUAm Fr — Reported only by Kauffman (15) 
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Lactakius TRIVIAU6 Fr var vihidiijACtis Kauff Under conifers, 
Lake Eva 

Lactarios VEIXBREUS Fr — On ground under conifers, I^ake Eva 
Lrntinus LEPiDEUs Fr — On coniferous log, Tobm Harbor 
Marasmitjs androsaceus Fr — On balsam fir needles and birch 
leaves, Moose Lake and Ryan Island in Siskowit Lake 
^Marasmxtjs cATjTiciNAUB Fr {M Umentosipes Pk ) — On conifer 
needles, Tobin Harbor 

MARA&Mtua i>^ETiDU8 Fr — On decaying conifer needles, McCargoe 
Ck>\e 

•Marabmius perforanb (Hoffm) Fr — On needles of Picea sp, 
Bat Island 

Marabmiub ROTiri*A (Scop) Fr — On rotten stick, at the outlet of 
Chickenbone Lake 

Mycbna haematopoda Fr — On much-decayed, white birch stick, 
Rock Harbor 

Mycbna Lbaiana Berk — On alder and poplar logs, Rock Harbor, 
and at the head of Tobm Harbor 

NicTALis ASTEROPHORA Fr — On old aganc (Ruseula ep ?), at the 
outlet of Chickenbone Lake 

Omphacxa campaneu:*a Fr — On conifer, Rock Harbor and Tobm 
Harbor, also reported by Kauffman (15) 

♦Omphalia bubclavata Pk — On rotten log, Rock Harbor 
Paneolus retiruois Fr — On moose dung, at the outlet of Sis¬ 
kowit Lake 

Panis nuDis Fr — On white birch McCargoe Cove 
Paxillus ATROTOMKNTOB 08 Ff (?) — Siskowit Bay A smgle 
specimen was collected and referred to this spedes although 
the stem is scarcely tomentose, the spores agree 
PAXittus iNvoLiTTUs Ft — Reported only by Kauffman (15) 
PAXXEnos PANNOiDBs Ft On log of Ptoea canadeneu, Chickenbone 
Lake 

PuouoTA ALBocRBNtTLATA Pk — On Hvmg white birch tree, Tobm 
Harbor 

Phouota caperata Fr — Under conifers, at the head of Tobm 
Harbor 

Phouota squarrosa Fr —On base of white birch, Siskowit 
Lake Oet by A H Smith 

PffouoTA sauARBOsoiDEs Pk — On white birch, Siskowit Lake 
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PiiBUBOTDS APPUCATU8 Batsch — On dead alder, Rock Harbor 
pLEUROTtrs ostreatub (Jacq ) Ir — Rather common on birch and 
mountain ash, Rock Harbor and Passage Island 
Plicatora paqinea (Schrad) Karst — On dead alder, Benson 
Lake 

Pltttkus cervinus Fr — On rotten logs, Tobin Harbor and Moose 
Lake 

Plutbus uubrosus Fr — On rotten log m swamp, McC^argoe Cove 
PflAUOTA ABRUPTiBULBA Pk — In mixed woods, Sargent Lake 
Russula aeruqinba Fr — Under conifers, Rock Harbor and Lake 
Eva 

Russule AMYQDALOiDEs Kauff — In mixed woods, Tobin Harbor 
Russula decoloranb Fr — Under spruces, Moose Lake and Tobin 
Harbor 

Russula embtica Fr — In Sphagnum bog, Rock Harbor 
Russula flava Romell — In coniferous woods, Rock Harbor 
Russula soroida Pk — In dense, mixed woods, at the head of 
Tobin Harbor 

Russula uncialis Pk — In mixed woods, Rock Harbor 
ScRisoPBYLLUM COMMUNE Fr — On whitc birch log, Rock Harbor 
Strophahia umbonatfscens Pk — On moose dung m swamp, Sis- 
kowit Lake 

Tricholoma RUTiLANs Fr — In bog, under conifers, Rock Harbor, 
also reported by Kauffman (15) 

LYCOPERDALES 

EHIZOFOaONACEAE 

•Alpova cinnamomeus C W Dodge — Half bunod in the soil m 
mixed woods Tobin Harbor, two collections by C A Brown, 
including Fp 73 type, Rook Harbor — trail from Post Office 
to dock — two collections, one by A H Povah and J L Lowe, 
and one by C A Brown, beside stream forming outlet of Sis- 
kowit Lake, collected by A H Povah The genus and species 
were described from these collections by Dodge (8) 

Lycoperdacbae 

Bovista pjla B a C —-A single collection from grassy place, 

Amygdaloid Island 
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Bovistblla psdicbllata Pk — A single ooUection on soil^ Roek 
Harbor 

•BoviaTSJUUA RAWCATA (Mont) Pat “■ A single oolleotion, McCaiv 
goe Cove 

Geasteh coronatus (Schaeff) Schrdt — Two collections from dry, 
rocky, grassy places, McCargoe Cove and Mount Franklin 

LvcOPERntJU ATROPTTRPURBUM Vitt — On fottcn log and on ground, 
Rock Harbor, Tobin Harbor, and north of Hay Bay 

•Lycopebdum ruscuM Bonord —On soil and on wood, Passage 
Island 

Lycopekdum gemmatum Batsch — On rotten wood and on soil, 
Sargent Lake, Ryan Island m Siskowit Lake, McCargoe Cove, 
Rock Harbor, and Passage Island 

*Lycopbrdum marginatum Vitt — On ground under conifers, 
McCargoe Cove 

♦LYcopERntm Pbckii Morg — On mossy sod, Rock Harbor 

♦Lycoperdom polymorphum Vitt —On rotten log, Chiekenbone 
Lake 

LYCOFERntTM PU8ILLCM Batsch —On ground in old bum, Rock 
Harbor 

Lycopkrdum pybipobmb Schaeff On rotten wood, Ryan Inland 
in Siskowit Lake 

Lycopbbdxtm pybifobmb Schaeff var tbsseliatum Pers — On 
ground, Tobin Harbor 

SPHABROBOtACBAE 

Sphaerobolits sTBLnATtrs Tode —On moose dung, McCargoe 
Cove and Chiekenbone Lake 

Hymenooastracbas 

♦GAtmERA GRAVEOEENg Vitt —Just undCT surface of soil, Rock 
Harbor Det byC W Dodge 

FUlfOI IMPERFBCn 

^Botbbodiscub PiNicoLA j9hear — Ondeadstewof 

Rook Harbor and Mott Islimd Det by W W Di^t Plate 

XXII, Figure 4 

^Botrytib tmEDimooLA Pk (?) --Following ruet inleotioa {Puo- 
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cinia ruJtngo^fa) on Thduirum dasycaxpwm Pisch k Lall, at 
the head of Tobin Harbor 

♦Cebcospora oentunicola E & E — On HaUnxa dejlexa (Sm ) 
Gnesb, Hock Harbor CoU by C A Brown 

Ceboospoba STMPiiOCARFi Pk —On Symphcarpus foetidua (L) 
Nutt, Monument Rock Trail from Tobin Harbor Det by 
E B Mains 

*CLAnosPORitrM epimycbs Cke —On pileus of old agaric, Ryan 
Island in Siskowit Lake 

CnADOSPORiuii BSRBARUM (Pers) Lk — On old Hydnum ennaceua 
(Bull) Fr, Sumner Lake 

^Cryptosporiuic Nebsu Cda (7) — On dead branches of alder, 
Rock Harbor 

*DioruocLADiUM TERMATUM (Bon) Saco — On grass, twigs, and 
moss, Tobin Harbor 

*F08tCLADiUM CsRASi (Rabh ) Sacc — On Prunus pennaylmmcaj 
Lake Eva Det byE B Mains 

•Fusiclawum RADiostJM (Lib) Lindr —On Papulus tremxdotdeBf 
Rock Harbor Det by E B Mains 

*Oloicbrui«aiua Corn! Pk — On living leaves of Comua camdenna 
In, Lake Eva Trail from MoCargoe Cove 

♦Heucoma CuRTien Beik — On bark of Acer apicaium, at the outlet 
of Siskowit Lake 

Illosporium carneitm Fr — On PeUtgera ap, Rock Harbor 

*IsAR{A BBACHUTA Bstsch cx Fr — On old aganc, on conifer log, 
in swamp, Rock Harbor 

^'Macroproma albipructa (Pk) Berl A Vogl — On dead branch 
of Acer eptccUum^ north of Hay Bay 

^Macrosporiitm LEPTOTRicHUM Cke A Ell — On wood of Ahm 
hakamea, Duncan Bay The species was originally described 
from pine and has not hitherto been reccmied as occumng on 
balsam fir 

*Macii 08 P 0 RI 0 m PoLTTRXcai Pk — On capsules of Pdytrtchwn ep , 
Bock Harbor 

*MoKimA PoKaiooLA Eli A Barth — On old agaric, at the outlet of 
^akowit Lake* The tqiecimens have been compared with the 
type ejection in the Fariow Herbarium The latter shows 
branched conidiophorCs, rather than simple oonidiophores, as 
etated in the originat description (0)^ 
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*Myco8TRINX Obmundak Pk — On Oemunda regalu L, Forbes 
Lake, Clinton (5) says that this is not a smut A Hyphomy- 
cete (?) 

♦OvuLARiA DBSTRucTivA (Phil A PlowT) Msssoe — On Mynca gale 
L, Monument Rock Trail from Tobin Harbor Coll J L Lowe 
Det by E B Mams 

*Pbniciu-ium CANDiDtJM Lk — On gills of old agaric, Ryan Island 
m Siskowit Lake, on Fomea apphruUuSf Tobin Harbor and Lake 
Ritohic 

♦Prosthkhium palmatum Earle —On decorticated arbor vitae, 
Rock Harbor Det by L E Wehmeyer 
'^Ramularia efpusa Pk — On Vaectmum pennaylpamcum Lam , 
Rock Harbor Det by E B Mains 
Ramularia Taraxaci Karst —On Taracacum officinale Weber, 
Rock Harbor Det by E B Mams 
♦ScLEROSTiLBUM SEPTBNTRIONALB Povah — Among decaying leaves 
beside brook forming the outlet of Chickenbone Lake CoU by 
A H Povah This is the material from which both the genus 
and the species were descnbed (22) 

♦Sbptoria Calypsonis Povah — Parasitic on leaves of Calypao bul- 
hoaa (L) Oakes, Smithwick Island This is the collection from 
which the species was descnbed (I c ) 

Septoria Violas Westd — On Vtda ap, Moose Lake, near Tobin 
Harbor Det by E B Mains 

*Spraeronemella Helvellab Karst — Parasitic upon HelueUa tn~ 
fula Schaeff, Wallace Lake This species has been found in 
Manitoba, Alberta, New Hampshire, and Colorado Hone (13) 
reports the spores as umseptate, but Bisby (1) states spores 
continuous*' In our specimens the sporea are 1-2-guttulate, 
with a few of the biguttulate spores showing a septum There 
is thus in the mature spores a tendency toward a tw<Hielled 
condition 

*Sni48ELLA ERYTHROCBPHALA (Dit) Lmd —On moose dung in 
swamp. Rock Harbor The spores measure 2^ X I 4-3 p 
Stxlbella sp On wood of Ahtea haUamea, Duncan Bay The 
stalks are f) 4-0 8 mm long and bear spores 3-4 X 1-16/4 
STTSAmra Berxeleti (Mont) Baoc — On old Fomea ptntcoki, 
Moose Lake 

TuBERcoLARtA votxiABrs Tode — On alder, Rook Harbor 
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♦Vkbticillium aoaricinum (Lk) Cda — On Helvella o/rot, Chicken- 
bone Lake The specimena are referred to this species, although 
the BporeSi which measure 22-32 X 4-4 5 jx, are longer than the 
sise ^ven in the original descnption 

FKBSHltAN CbLUBOM 
Wavn* UKIVaWHTY 
Dctjk>it, Michkun 
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Fio I Ofiygeria comm A A h growing on decaying ftatht rs of a «ta gull But Island 
(photograph by E B Mams) 
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NOTES ON MICHIGAN DESMIDS, WITH 
DESCRIPTIONS OP SOME SPECIES AND 
VARIETIES NEW TO SCIENCE 

GERALD W PRESCJOTT AND ANGELINA MAGNOTTA 

P apers dealmc with Mictug&a algae ate surpneiagly few, es> 
pecially since the state is plentifully supph^ with favorable 
algal habitata The meagernesa of published reports on the algae 
of this region has been referred to by Nichols and Ackley (12), who 
in 1932 contributed a summarising list of some 326 species and forms 
of desmlds then known for the state It is significant of the richness 
of the desmid flora in Michigan that from only four habitats the 
present authors have identified 46 additional species and forms Some 
these are heretofore undescnbed species, and many are of special 
Interest because they have not been reported previously from this oon- 
tment The total number of desmids known for Michigan is now 371 
Collections exanuned in this study came, m the main, from Cal¬ 
houn and Washtenaw counties We are grateful to Dr A M 
Chickenng for two interesting samples taken from the Sugar Loaf 
Mountam area in Marquette County These two collections con¬ 
tained a rich variety of desmids although they were not numerous 
The underlying rock in Marquette County » igneous It is well 
known ^t an abundant desmid flora frequently is associated with 
this type <4 formation, and no doubt otb^ coUections in the area 
would bear out this in number of individuals as well as in variety 
The eolleetions which were richest, in both number and kind, were 
from Calhoun Lake, which lies a few miles to the northeast of Albion, 
Calhoun County. Interestingly enough the lake was found to have a 
pH of 5 8, altlM^h the larger vegetation and other indications were 
soeh that one wouid suppose it to be alk^ine, eapectally since other 
lakes in the region ate so Thirty or more species ^Cosmarlum alone 
were counted on one slide made from washings c4 Chora ip cdlected 
in thill lake To date ueariy half of the known species of desmids for 
Miehigen hove been kknt^ from the four haUtate indicated 

1S7 
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This paper is a preliminary one, for it is expected that from time 
to time the semor author, at least, will add to the list of Michigan 
desmids and to the distnbution data Study of the desmids has 
been facilitated by the senior author^s iconograph, which includes 
some 3,000 entnes 

Gonatosyoon monotaenium De Bary var pilosbllum Nordst, 
West and West, British Desmidiaceaef I 31, Kneger, Archtv f 
Hydrobtol t Sapp] 11 158, PI 3, Fig 7 
Width 7 6 Ml length 106 4 cell wall covered with fine, 
spiny projections PI XXVI, Fig 17 Calhoun County New 
for North America 

Pknidm EUFESCBN8 Clcve, West and West, Bnhsh Desmtdtaccae, 
1 99, PI VI, Figs 12-13 

Width 20 0 /i, length 55 0 /x, membrane light yellow-brown, 
smooth, slightly constricted, and demarked by newer portion 
PI XXV, tig 12 Marquette County Canada (Lowe) Al¬ 
though our plant is smaller than the size usually ascnbed to 
P rufcBcem ne questionably assign it to this species on the basis 
of coll shape, iiall constriction, and the approximation of typical 
coloration 

Ppnium Libelltjla (Fockc) Nordst var mTERMBWirai Roy A Biss , 
West and West, Bntish DeBtnuiiaceae, I 74, PI VII, Fig 11 
Width 24 0 width at poles 10 0 teugth 1110 m PI XXV, 
Fig 8 Marquette County Newfoundland (Cushman) This 
form has relatively broader apices than the typical expression of 
var intermedium, otherwise it is identical 
Penitjm cucuRBitmoM Biss f MAjrus West A West, Bntuh Des* 
mtdtaceae, I 96, PI IX, Figs 19-20 
Width 44 8 Ml It^ngth 113 0 m, width at constriction 42 0 m 
PI XXV, Fig 13 Marquette County 
Although even larger than f mojus our specimens seem clearly 
to belong to it on account of the cell shape, the lidged chloroplast, 
and the single large pyrenoid in each semioell T^e typical form 
of P cucurbttinum has been reported from Connecticut, Indiana, 
and Washington 

Penktm cucoKBiTtmjM Biss f ndnutom Prescott, f nov — Forma 
minima, lat 12 6-13 6/*, long 28 5-30 Om PI XXV, Pig 9 
Marquette County 

The plant is only half as large as f mtnui W AQ West 
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Plburotaenium NOD 0 LOSUM (De Bt4h ) De Bary, Borgc, Arkiv f 
Dot , 19 20, Taf 3, Fig 16-17 

Width at constriction 46 8 poles 35 2 m » length 507 0 fx F\ 
XXVII, Fig 18 Marquette County Kansas, Nebraska, Cuba 
CosMARiiTM CABLATUM Ralfs, West and West, Bnitsh Demidtaceaef 
III 134, PI LXXVI, Figs 5-7 
Width 42 0 M, length 510 ju, isthmus 15 0 PI XXV, 
Fig 4 Like the Newfoundland expressions our specimens have 
four very definite vertical senes of slightly larger granules on 
the facial tumor above the isthmus The basal lobes of the semi- 
cells in the plants from northern Michigan show an undulation 
or a retuse margin that gives a slightly different appearance from 
the published drawings of this species Marquette County 
Indiana, Connecticut, New Hampshire, Alaska, Newfoundland 
CosMARiUM DBNTicULATUM Borge (foima), Borge, Arktv f Boi , 19, 
No 17 29, PI 3, Fig 24 

Length 175 0 width 105 3 /i, isthmus 39 0 ju Mirgin of 
the eemicell showing about twenty-two conical, warthke granules 
on each side and four or five at the truncated apices, with four 
or five series of granules within the lateral margins, two rows 
granules across the base of the semicell, the granules becoming 
more prominent m the mid-region just above the isthmus, central 
part of the semicell without granules, wall densely punctate, 
chloroplasts two(?) in each semicell PI XXVII, Fig 14 Cal¬ 
houn County 

liiis species, new for North America, has been previously re¬ 
ported from Austraha, Brasil, and Paraguay Some of our 
specimens have a resemblance to C mde in shape, and 0 
derUtcuUUum should be compared witli this species In dimen- 
ttons our specimens are nearer to C ovale than to C derUtculatum 
However, the disposition of the granules and the morphology of 
the i^Ioroplast are in distinct disagreement with C ovale On 
the whole, except for their smaller sise, our specimens seem to be 
id^tieal ^th, or at least closely relat^ to, a form desenbed by 
Bk>rge (3, p 29, Taf 3, Fig 24) from Brasil In the Brazilian 
{tfant the wall, as m our specimens, has comoal warts rather than 
the spines wluoh Characterise the typical form Borge's figure 
shows four rows of granules across the base of the semicell, 
whenas our plant has only two 
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CoeMARiuu DXFFZGitB Lutkem var BUBiASva L^tkem , West and 
West, Bnttsh Desmtdtaceae, III 97, PI LXXXIH, Figf^ 4-^6 
Width 24 0 fi, length 39 0 m# isthmus 5 6/4 PI XXVII, 
Figs 3-9 Marquette County Our plants show a variation in 
the disposttion of the sorobiculatlons, but otherwise they conform 
with LtitkemOller's variety PI XXVII, Pig 9, shows an abnor¬ 
mal plant with three semiodls and two isthmi 

CosuABivif Relosch var photubsraks West & West, 

Trans Linn 8oc Bat , Ser 2, 5 246, PI 14, Fig 35 
Width 220 /4, length 300 /4, isthmus 6 0/4 PI XXVII, 
Fig 19 Calhoun County Previously reported for North Amer¬ 
ica by W and O S West, Wolle, and Prescott (14) Prescott 
lists it for lowSL 

CosHaaiuM nobimbbroiinsb Hainsoh I nspRassuaf West & West, 
West and West, BrUuh Desmtdtaceae, III 53, PI LXIX, Figs 
28-29 

Width equal to length, 156 /4 X 156 /4 PI XXVI, Fig 6 
Marquette County The species is new for North Amenca 
It IS interesting to note thid; f depreseum has been recorded 
previously from the tropics only 

CoBMARiuM pucATOif Reinsoh, West and West, BrUxsh Dcmt- 
d%aceae, 111 60, PI LXX, Figs 9-10 
Width 380 /4, length 620 /4, isthmus 200 m Pi XXVII, 
Fig 1 Calhoun County New for North Amenca 
Slightly huger than recorded by W and Q S West, with a 
wall punctated as in f majus Reinsch However, our specimens 
are nearer the typical in shape of semioell 

OosuAUixm PounAxxnt Arch, (forma) 

Width 35 0 length 410 /4, isthmus 150/4 FI XXVII, 
Fig 10 The typical form is widelydistributed in North America 
and has been reported by Nichols and Ackl^ (12) from Mich¬ 
igan* 

Our specimens show a great simUarity to C pseudebrnmei 
Wolle, especially in face view* The granulation and the ebarao*' 
teristics of the sinus are more like € PorHanum than the former 
iQiecies* 

CosiiAtunwpTRAiitDa'nmDeBt^b var AWOtmTATOlg West A Weet, 
West and West, RnfrsA Demidutosoe, 0^200, PI LXIV, fig S. 
Width 54 5 /4, length 936 /i, Isthmus 180ft This variety, 
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as represented in our ooUeotions, is not constant in site and form 
of margin It may have the margin nearly undulated (PI XXV, 
Fig 17) Ihis characteristic strongly suggests Borge's f wtnt*s 
(3, Taf 2, Fig 3) Calhoun and Marquette counties New for 
North America 

CosMABiUM QuiNARiuM Lund, West and West, BrUish Demtdui- 
ceae, III 216, PI LXXXV, Figs 9-10 
Width 33-35 0 fjt, length 36-39 0 ju, isthmus 9-10 0 fx F\ 
XXV, Fig 3, Pi XXVIl, Figs 4-6 Marquette County 
We have noticed vanation m the granulation of this species, 
particularly In the arrangement of granules on the face of the 
eemioell A common form from northern Michigan that we 
questionably assign to this species (PI XXVII, Figs 4-6) 
shows a single, somewhat larger granule just above the isthmus 
Some specimens of this plant suggest C poUmteum Racib var 
intermedium Qutw, Spramozd Kom Ftzyogr , XXX 96, Tab 
III, Fig 30 Others suggest C occidenlaic Turn var inler\nedxum 
Gutw {op , p 91, Tab III, Fig 22) The typical form of 
the speries has b^n found m Caihoun County, Miolugan, Maine, 
Massachusetts, New Hampshire, Wisconsin, and Newfoundland 
(Taylor) 

CosMAUiuM RsaNBLUi Wille f basIgranuUtum Magnotta, f nov — 
Margmes infenores semieellulae aperte divergentes, margines 
superiores maxime retusae, apice truncato et retuso, anguh 
infenores senuceiluiae parvis granulis instructi aut tuberculati 
cum granulo iuxta et intra marginem angulorum basaiium, speci¬ 
men a vertioe visum anguste ovatum sed tumidum m regione 
media, lat 14-16 Omi long 18-22 OMi iBthm 4 0 m PI XXVII, 
Fig 7 Calhoun County 

Hits form seems unquestionably to belong to C RegneUn and 
IS placed here on the strength of the forms described by Borge 
in Bjdn Takems Fauna ock Flora, 4 16, Tof 1, Fig 15-16 
iixeept for the tubercular thickenings at the angles our form 
agrees very closely with Borge’s figure 16-a”*, Taf 1 It Aould 
be compared with C undnUcotum Liltkem, from which it differs 
in Uie main by the absence of an undulation m the upper lateral 
mari^ of die semiodla 

Ch>eiiAiimru Sohmidle (forma) 

Width 41,8 M> fength 703 mJ isthmus 19,0 m Wall finely 
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and densely punctate PI XXVII, Fig 3 Marquette County 
Typical form widely distributed in North America 
CosMAKiuM scBTCMiocrM Nordsf vsr Klebsii (Gutw) West A 
West, West and West, Bniinh Demidioceaet 11 193, PI LXIII, 
Figs 21-23 

Width 28 0 /i» length 38 5 m. isthmus 70 m PI XXVII, 
Fig 2 Calhoun County Previously recorded for North America 
only from New York, by Burkholder (5) 

CosBtAKiUM TAXiCHONPRUM Luud var unigniiiulatum Prescott, var 
nov —Vanetas magna, magno granulo singulo supra et luxta 
isthmum, semicellulae a latere visae ciroulares, granulo utro- 
bique ad basim praeditae, a verUoe visae elliptioae, membranum 
punctatum Lat 45 0-46 8 Mi long 53 0 54 3 Mi isthm 17 0- 
17 6 m pi XXV, Figs 6-6 

This form has the shape of the typical form as described by 
Lundeli It is shghtiy larger, and the margins in the iower part 
of the semicell are perhaps more nearly parallel than m the type 
The lack of the two rows of granules on the face of the semiceli 
separates this new variety from the known varieties of the 
species 

CosMARcoM TETRAGONUM (Naeg) Arch var LoNnEnui Cooke f 
ScRMintKl Gutw, K<m Ftzy^og Akad Umtej Krakow^ 32 142 

Width 25 4 Ml length 468 Mi isthmus 78 m PI XXV, 
Figs 1-2 

The vanoty has been reported from New York by Johnson 
(9), but the forma Schmtdlet has not been previously reported 
from this country It is apparently rare m North America, but 
wc have one collection which contains a rather large number of 
specimens A characteristic of the plant that we have noted and 
one that has not been mentioned or shown in pubbshed figures 
IS the presence of mucilage pores in the uppcu* lateral protuberances 
as seen in face view There is a similar pore that shows in the 
wall in the same region when the cell is seen in lide view Mar* 
quette County 

CosMoctAoruM rirsitLtTM Hilse, West and West, BnU$h Demtdta^ 
ccor, V 201, PI CLVm, Pigs 8-10 

Width 10-12 0 Ml length 10-120 Ml isthmus 20 m 5 adotties 
small PI XXV, Fig 10 Calhoun County New for North 
America 
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CostnoclAdium tuberculatum Prescott, sp nov — Cosmocladium 
mediocre, profunde oonstnetum, smu angusto-iinean, semicellulae 
oblongae sed a fronte visae subremformea, apic© Icviter truncate, 
a vertice visae oblongo-ellipticae, cum mflatione mediana tuber- 
culari utrobique, a latere visae semicellulae subcircularcs tumore 
mediano utrobique, oellulae in colonia paucae et in filo irregu- 
lariter ramoso et mucoso positae II 5-12 0 /x, long 14 5- 
16 0 Ml crass OO/x PI XXV, Fig 11 Calhoun County 
This form should be compared with C iumidum Johnson (9, 
p 296, Fig 23), from which it differs m the shape of the senu- 
oell and in the larger dimensions throughout C iumidum is 
described as having semicells hexagonal-elliptic, width 80 ju, 
length 9 0 m 

Xanthidium antilopaeom (De Br6b) Kuetz var polvmazum 
Nordst, West and West, BrUtsh Dcmidtaceae^ IV 67, PI 
CVin,Fig 19 

Width 53 2 Mf Iciigth 57 0 Mi isthmus 140 m PI aXVII, 
Fig 17 Calhoun County Widely distributed in North Ainenca 
Xanthuiium Tvlbriantim W West, Joum Hoy Mterose Soc t 17 
19, PI 2, Figs 1-4, PI 3, Fig 14 1889 (Y anltlopaeum 
truncatum Hastings) 

Width 62 4 m* length 66 3 m Not figured Marquette County 
Connecticut, Maine, New Hampshire, New York 
Staurastrum abistipbrum Ralfs, West and West, British Z>e«- 
mtduiceae, V 22, PI CXXXII, Figs 10-11 
Width 26 6 M* length 38 0 m» isthmus 65 m PI XXVI, 
Fig 20 Calhoun County Newfoundland (Cushman) 
Statoastrum Dickiki Haifa var emeuLARB Turner, West and 
West, BrUtsh Dcmtdtaceae, V 6, PI CXXIX, Fig 16 
Width 38 0 M without spines, 41 0 m with spines, length 42 0 m 
PI XXVI, Figs 11-12 Calhoun County Connecticut, New 
York, Wa^ungton, Canada. 

Our figure is drawn at an angle that makes the sinus appear 
narrower than typical 
STAmUiSTRmir MAAMBXSB Arch (forma) 

Width 33 0 Ml length 400 m» isthmus 100 m Semicell in 
face view showing a series of verruoae within the margin, in 
verUeal view triangulari the pairs of verrucac at the base of the 
arms so arranged as to form a circle around the smooth central 
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portion (ThiB dreular arrangement of the vermcae appeare in 
Lundell’s type drawing of 8i pseudocrenoiumi but not in Archer’s 
figure of maamerm) PI XXVI, Figs 14*16 Calhoun 
County The typical form is reported from California, Connecti¬ 
cut, ai^ Minneaota 

Lundell’s figure shows three verrucae at the base of the arm 
rather than two (vertical view) We have found specimens that 
show a tendency toward verrucae arranged in three’s, but in the 
series at the apex of the lobes rather than at the base 
Statjrabtrum maaheksb Arch f atTpicum Magnotta, f nov — 
Forma major, semicellulae a fronte visae angulis basalibus spina 
crassa et reota instructis, a vertioe visae triangulares, angulis 
rotundatis sed spina crassa prope apices* Lat 40 0*41 S fi, long 
87 6*386 Ml isthm 13 6 m PI XXVI, Figs 7*8 Calhoun 
County 

The spine on this form appears to be an extension of the com¬ 
plex varuca at the apex of the lobes of the semiceU 
STAUHAeTRUM ifoimcuiiosvai De Br4b, West and West, Bnitsh 
Desmidtaceae, V 183, PI CUV, Fig 8 
Width 39 8 Ml length 42 0 Mi isthmus 16 5 m PI XXVI, 
Fig 6 Marquette County New for North America 
Stauhabthuu ssncoosTATUM De Br4b var SBoncrcTu&c W West, 
West and West, Bnftsh Demtdtaceaef V 148, PI CL, Fig 16 
Width 420 M* length 420 Mi isthmus 15 0 m PI XXVII, 
Rg 13 Marquette County New for North America 
STAVRASTRtrM suBORBicunARE West d West, West and West, 
British Desmtdioceae, IV 159, PI CXXV, Figs 3-5 
Width 34 2 Ml length 38 0 Mi isthmus 76 M FI XXVI, 
Figs 9*10 Calhoun County New for North America 
STAtJRABTBUM TUMiDUM Dc BtOb , West and West, British Desmu 
dtaeeae, IV 142, PI CXXII, Rgs 1*5 
Somewhat smaller than die typical, width 78 0 Mi length 
97.5 Ml lethmus 46 0 m H XXV4 Figs 3*4 Marquette 
County Maine, Massachusetts, Pennsylvania 
Ettaitrum Chlckerlogii Prescott, sp nov -—Buastrum mediocre, 
|-pIo longius quam laiiust m^oeriter constriotum, dna Hneari, 
levissime dilatum ad apices, semicellulae trllobae, lobis lateralis 
bus cooeavatis ad margmem, lobo polar! paidtdo extenso, maiy 
^bus subrecUs ad apioem iadsura iqjiedi lata et non 
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profunda, eemioellulae magno tumore mediano, tumoribua mi- 
tmnbus tuxta et mtra marginem lobulorum lot>on]m basalium, 
a latere viaae quadrato-oblongae apice truncato et angular! oum 
magna mflatione mediana utrobique et tumoribus mmoribus infra 
hos et ad basim semloeilulae Lat 13 8-16 O/i, long 26 0-27 0 
crass 116-120 M, wthm 46-64 m PI XXV, Figs 16-16 
Marquette County 

Thus plant should be compared with E comvbtenae W & 
G S West, BnUah Desmtdtaceaef II 70, PI XL, Fig 8 Our 
specimens have a more extended apical lobe and the side view 
IS quite different in appearance 

EtTASTRUM GRAsauM (De Br4b) Kuets var michiganense Prescott, 
VBT nov — Varietos mediociis, margiiubus laterahbus valde in- 
curvatis, mcisuns altis at angustie ad utraque latera loborum 
apicalium, semicellula cum smgulo maxuno tumore mediano 
supra et iuxta isthmum, semicellula a latere visa pyramidata, 
apice truncato, superiore lobo lateral! emarginato ut m forma 
typioa, membrana sorobioulata cum scrobiculis magnis Lat 
87 0-89 7 fx, long 166 0-159 6 isthm 23 0-25 Sfx PI XXVI, 
Figs 1-2 Marquette County 

In one collection many specimens were seen (frequently empty 
cells), so that the cell wall characters which separate thUB plant 
from the typical one were fully studied On the whole it presents 
a somewhat stouter appearance than do the typical forms 

Eoabtrum CRASstJif (De Br4b) Kuets var bcrobicxtlatum Lund , 
West and West, BntisA Desmtdutccoc, II 7, PI XXXlll, Figs 
7-8 

Width 89 7 fx, length 169 6 fX, isthmus 266 semw^ll with 
four scrobiculations m the central area, arranged to form an m- 
verted Y PI XXVI, Fig 18 Calhoun County New Jersey, 
Newfoundland, Cuba 

TvrtUBitORts BasntssONn (Menegh) Ralfs f minutus Magnotta, 
f nov 

F parva, lai 240 Mt long 900 m* ^ XXVII, Fig 12 
Calhoun cWity* 

MtOAABTSfauB AMOTOATA (Ehrettb ) Men^h var brachyvtbra 
(tund ) West 4 West, West and West, Brtitsh Demidtaa^, 
n *m,n xLvii,Hgs e-r 

WldUi 1460 Ml length 205,2 m# isthmus 80 4 m» polar lobe 



166 Prescott and Magnolia 

79 8 M wide PI XXV, Fig 18 Calhoun County Prevloualy 
reported from Minnesota only 
Our specimens are stouter than the form usually figured 
Michastpbias ckbnata De Br^b , West and West, Bntuh Ded~ 
midtaceae, II 85, PI XLII, Figs lO* 13 
Width 78 0 M» length 89 7 o© 11 punctate, usually 

descnbed as smooth PI XXV, Fig 14 Calhoun County 
Widely distributed m North America, although reported as rare 
in Great Bntain The stouter polar lobe with convex apex and 
the rounded angles of the lobules assist m identifying our speci* 
mens with M crenala The Michigan plants resemble venations 
of M truncaia, a similanty that has been frequently noted else¬ 
where 

MicHASTKKiAs Jenneri Ralfs, West and West>, BrUtsh DesmtdtaceaSf 
II 86, PI XLII, Fig 14, Pi XLIII, Figs 1-2 
Width 109 2 ju, length 156 0 pi., isthmus 23 4 PI XXV, 

Fig 19 Rarely found in our samples and reported but a few 
times for North Aihenca Marquette County Maine, Massap 
chusetts (Prescott), Newfoundland (Taylor) 

Micrastekus latickps Nordst var cram Prescott, var nov — 
Vanetas niedlocns saepius longior quam latior, apice loborum 
apicalium magis convexato quam in typo et processibus loborum 
apicahum verticaliter lationbus, afncibus aculeatis, latis lobis 
basalibus crassionbua quam in forma typica, sinu angusto subito 
aperiente ad extremum, membrane cellulae dense sed minute 
punctata Lat 1110 1178//, long 1216-1250 //, wthm 
19 0 /i P! XXV, Fig 7 Calhoun and Washtenaw counties 
The plants of var crossa present a much more compact and 
stouter appearance than those of the ty|dcal form 
Micbasteriab uahabuleshwarensis Hobson, Quarts Journ M%- 
erase Set , 1863 168 

Width 132 0 //, length 148 0 //, isthmus 19 0 // PL XXVI, 
Fig 19 Calhoun and Washtenaw counties 
Originally descnbed as subtropical, this plant has a wide die* 
tribution m the United States, although it is rare m the British 
Isles 

MlCftABTKBlAS MAHABtrLJCBHWAREKftia HobsOQ f OICHOTOHA O M 

Smith, Trans Wts Acad Set , Arts and Letters, 20 345, PL 9, 
Figs 12-14 1922 
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Width 115 0 M, length 160 0 ju, isthmus 22 0 ^ PI XXVI, 
Fig 16 Calhoun County Pre\ioU8ly reported for Canada 
This ]8 one of the iorms of the species which does not appear to 
be very constant We have one sample contaimng very many 
plants that show all manner of intergrading variants between the 
typical form and the form descnbcd by Smith (I r) Some 
specimens show one semicell with the lobules and the other 
with none 

MiCRABTKHIAS MAHABUnESHWARENSlS Hobson var SLRRimATA 
(Wolle) G M Smith, RooseveU Wild Life BuU , 2, No 2 138, 
PI XVI, Fig 2 

Dimensions of the typical form, but lacking the processes at 
the apex of the polar lobe PI XXVI, Fig 18 Calhoun County 
Minnesota, New Hampshire 

Micrastebiab lunxoBA Ralfs var ornata Nordst , Smith, Wts 
Oeol Nai Hist Surv BuU , 57, Part II 47, PI 60, Figs 3-4 
Somewhat smaller than usually recorded, width 203 3 
length 212 8/u, isthmus 17 2 ju PI XXVII, lig 11 Calhoun 
County Previously recorded for Wisconsin 

Desmidium coabctatum Nordst var cambricum W West, West 
and West, JJntwh Demtdtaceae, V 252, PI CLXV, Figs 3-4 
Width 44 0 length 24 0 width of apex 16-24 0 ^ PI 
XXVII, Fig 16 Calhoun County Previously reported from 
MisaisBlppi (Brown, 4) 

HrAnoTHECA cndulata Nordst, West and West, Bntish Des- 
mtdtaceae, V 239, PI CLXII, Figs 6- 9 
Width 6 0 Ml length 13 3 m» isthmus 4 6 Mi cell wall with a 
double row of pores around each semicell PI XXVII, Fig 15 
Calhoun County Connecticut, Indiana, New Jersey, New York, 
Pennsylvania, Described as rare in the British Isles The rows 
of poree are not shown in figures published in American literature 

AlBIOK CObUEOII 
Ax«biok, Michioan 
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EXPLANATION OF PLATE XXV 

1>2 Cotmarxum t^agcnum (Naeg ) Arch var LunddL%% Cooke f SchmuUet 
Gutw Fig 1, X 480. Fig 2, X 852 

3 Cotmanum guinanum Lund , X 480 

4 Cotmartum eaeUUum Ralfs. X 480 

5-6 Cosmartum iawcAomfrum Lund var untffranvUUum Prescott, var nov 
Fig 5, X 480, Fig 6, X 460 

7 MtcnutlsrutB kUtceps Nordst var erasaa Prescott, var nov . X 264 

8 Pentum LtbeUula (Focke) Nordst var trUermofitum Roy A Bias. X 480 

9 Pentum cucurbUtnum Biss f mtnuturn Prescott, f nov , X 480 

10 Coemodadium puetUum Hilae. X 480 

11 Coamoeladtum tuhercukUum Prescott, wp nov . X 480 

12 Pentum rujeecene Cleve, X 852 

13 Pcmum cucufhitinum Biss f majue West A West. X 852 

14 Mtcraetenae crenala Dc, Br6b , X 360 

15-16 Siutsirum Chtckertnfftt Prescott, sp nov , X 460 

17 Coemartum pj/ramuhtum De Br4b var anffueiaium West A West. X 480 

18 Mtcraetenae aptculata (Ehrenb ) Menegli var hraehyptera (Lund ) West 
A West, X 264 

10 Mtcraetertae Jennert Ralfs, X 852 
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17 (foTKilnzijgim xnouotathtutn IX Baiv vai fixlomUnm Nnrdnt X 480 

18 Htihuon vaf strruhta (Woth) (» M 

Smith X 204 

JO Micrmknaft muhnbitU»fiuannum Iluliann X 204 
20 *itanras(ruf/t nnutifirum KnI^^ X 180 






lAPLANATION <»!• PLATE X\V 11 

1 Cmtnariuiti pbcafum R«ms<*h X 

2 ( ojfrftarium suhlutnidum Nunlnt viit hlehati Ruitv^ ) X JtJO 

3 f f)«^»arTum «ut>curnmi'e Schmidli (forma) X 440 
4 6 f" onmarum qmmnum T un<! (forma) X f>00 

7 C asmartum HegwUtz Will< f batngranuUttum MagnotU ( mjv X *>00 

8 Co«rH(irtu/rt 1 Utktm var nublaMf 1 Otkun , X HO 

0 ( osmunuin (hjfinle I iiiki in vai I utki m abiu>rnml coll X 440 

10 i <t*(mftrium PvrUanum Anh (forma) X HO 

11 \f*cm*i<cna* ItalfK var orn//*o NoidKt X HO 

12 Peimcmorus Hrebiftnomt (M« ntgh ) RalfH f mt»u/u» Magnotta f nov 

V UO 

18 l)e var pnxtuctum ys W»t<f X 000 

14 Cftt^mnnum fhfiittulaiufH }i*.>rg4 (fuinm) X410 

15 Hifitlothtca undulfita NouIhI , X 000 

10 Ihemitium roitrctaium'Simi^X vnr rnj«6rtf’um W X 000 

17 (De ) Ku< t7 var Ni^rdat X 000 

IS PUurotneniutn nfuluionnm (Dt Brfb) 0i Bar>, 1 X 220, ii X 1 jO 

19 r n^mnnunt ifamnuit Et uixch var proluftcram Wmt A Wist, X 140 






UNUSUAL AGARICS FROM MICHIGAN II* 

ALEXANDER H SMITH 

I N THE following account a total of twenty-nine species of agancs 
are discussed Twenty-seven of these have apparently not been 
previously recorded as occurnng m Michigan 

The majority of the collections were made by the writer while 
collecting with Professor E B Mams m the vicinity of Ann Arbor, 
In the region around Harbor Springs, and m the Northern Peninsula 
dunng the season of 1933 Several species which were collected by 
the writer in 1929 and determined by the late Professor C H 
Kauffman, but which have not previously been reported, are also in¬ 
cluded in this paper The collection numbers and the photographs 
are those of the wnter unless otherwise stated The collections are 
in the Herbarium of the University of Michigan Thanks are due 
to Professor Mams for helpful suggestions and criticism during the 
preparation of the manuscript 

Bolbitius aiiOiocvANjBus Atk — Singly on sticks m a swampy area, 
Ann Arbor, Oct 6,1923 (32-528) Pileus 17 mm broad, convex, 
glabrous, Wscid, evenly '‘olive-green** * at first, becoming “San- 
foid*8 brown** when faded, margin skghtly stnate, lamellae 
crowded, narrow, adnate, soft, edge white-fimbnate, “jade green** 
becoming brown from the spores, stipe hollow, 3 cm X 2 mm, 
white-furfuraceous over all, yellowish green beneath, spores 
9“10 6 x 5-65 / 1 , basidia four-spored, 20-22 X 7-8 /x, cystidia 
lacking on the sides, present on the edge, 30-46 X 6-11 /*, some¬ 
what vefttnoose but becoming nearly cylindncal, apices narrowed 
but obtuse, pileus corticated by a layer of inflated pedicellate 
cells 20-30 X 10-20 m m diameter 
Tht sUpe appeared to have a narrow mibgelatinous peripheral 
region, but dxk not seem to be viscid when fresh In this respect, 

* Papers from the Department of Botany and the Herbanum of the Univer- 
lity of No 476 

^ All cohr names in quotation marks are taken from R lUdfway, Color 
and Csler Washington, D C, 1912 
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in the whlte-furfuraeeous covering, and in the paler colors the 
writer's specimen dieters from that of Atkinson's dmription The 
gluten on the pileus, however, is copious and may drip down along 
the stipe Tl^ consistency of the pileus is characteristic of the 
genus Bolbitius, and the sinking color change clearly allies the 
Michigan collection with Atkinson's species The change in color 
IB very similar to that observed in Hygrophortie pstUactnue, but 
the color in age is bright brown instead of yellow, and the green 
of the young pild is not so bnght 

Clitoctbm connata (Sohum) Bres — Cespitose on leaves and 
debris, near Dexter, Oot 5, 1933 (33-1098), Spores 0-8 X 3 
basldia four-apored, 26-28 X 4-6 /i* with clamp connections at 
their bases, pileus trama homogeneous, differentiated atenie cells 
and cystidia absent 

C 0 I 4 LTBU »xsc 0 LpTA Fr var ri7bksc»ntipolia Pk — Gregarious 
on oak d^bns, Pinckney, Sept 16, 1932 (32-440) PUeus 8-15 
mm broad, convex or lightly depressed at first, becoming more 
deeply depressed in age, mar^ remaining decurved, surface sub- 
hygrophanous, glabrous, haematite red" when fresh, fading 
gradually to a pale yellowish gray in age, lamellae close, narrow, 
^^haematite red" on the margms, greenii^ ydlow below, adnate 
to slightly decurrent, equal, stipe 1-2 cm X 1-2 mm, greenish 
yellow above, vinaoeous-yellow below, tubular, cartilaginous, 
fibnlloee with yellowish fibrils, slightly bulbous, base covered by 
a yellowish myoehum, spores 4-4 6 X 2 5-3 hymenium with 
numerous colored basidium-like bodies 
Coker and Beardslee ( 6 ) report this variety from Noffe Caro¬ 
lina The "haematite red" color was oharaeteristio of our speci¬ 
mens When dried both the species and the variety have much 
the same colors and it is quite possible that the variety is merely 
a dry-weather form Small specimens mi^t be (daoed In Om» 
phalia because of the broadly adnate or sUfhtiy deouirent gills 
Bea ( 10 ) places the species in Mara 8 miu& 

CoBTiKABios cnooBOfOtAos Peck — On sphagnum in a bog, Miohi- 
gamme, J9ept U, 1933 (33-^) Ihe lamellae were "xanthine 
orange" in the young pilei, spores 6-7 X 3 5-4 5 m 

CoRoiifAmtira sTmonnrAUoiiacs C3el (PI XXVIII) ^Scattered on 
sphagnum In bogs, Marquette, Sept 4, 1933 0^-867), Sept 10, 
1033 (33-^), Sept 12, 1933 (33-^7), Sept 16, 1933 <83-«81), 
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and at Whitmore Lake. Sept 25, 1933 (33-1008) Pileus 2-6 5 
cm broad, oomo^campanulate to plane, ** Dresden brownwhen 
young, near *‘Mars brown*' in age, innately fibrillose to fibrillose- 
Bcaly, dry, lamellae close, broad, near “sulphur yellow” when 
young, becoming bright “Kaiser brown” to “ferruginous” before 
the spores mature, adnate or shallowly adnexed, stipe 8-15 cm X 
3-10 mm , yellowish above, tawny below, evenly fibnllose, spores 
3-10 X 6^ M to iJae Marquette collections, 9-11 6 X 4-6 fx in 
ooU 33-1008, nearly smooth, basidia 38-40 X 6-8 /ut, no dif¬ 
ferentiated sterile elements seen, odor and taste not distmct or 
faintly resemblmg that of radish 
As Cleland (5) has pointed out, the large spores distmgulsh 
this species from C ctnnantomeiis The i^nter has collected the 
latter frequently to the same locality from which No 33-1008 
was obtained In addition to the difference in spore sise, the 
pileus of C subcinnamomus tends to become qmte scaly and ita 
stature is more robust than that of € ctnnamoTneus 

ConTmABTOS TRitTMPHa 2 «i Fr —On humus under hemlock, Wagner's 
Falls, Munlsing, Sept 7,1933 (33-1160) Apparently this charao- 
tensUcidiy northern species has not been previously reported for 
Michigan 

Ektouiica otaneum Pk (PI XXIX) —Collected at Wilderness 
State Park, June 7,1932 A rather large form, found by Professor 
Mains and the wnter, was growing gregariously under balsam on 
a sandy ndge, and the following description was made from the 
fresh specimens pileus 4-10 5 cm broad, obtusely comcal at 
first, then expand^-plane or rather sharply umbonate, surface 
appressed-fibi^ose, Incoming subscaly to age, “pale lavender^ 
to “mauvette” when fresh but soon fad^ to “ vinaoeoua- 
mac” and finally “pallid Quaker drab” and umcolorous, margin 
even and not striate, usualiy rather abruptly deourved, fiesh 
about 3 mm thick near the stipe and 1 mm near the margin, 
tapering gradually, lamellae close, broad (5-12 mm), somewhat 
ventrioose, attached by a decurrent tooth only, edge eroded, 
pale grayish or whiti^ at first, becoming dull fiesh color from 
tbeii^iores, stipe8-12cm X 8-12mm,equidortapenng8hghtly, 
bc^ew, bMilfully loi^tudinally fibrous^triate to apex, fur- 
furaoeous iibove, ooncolorous with pileus and fading with it, 
In ^ becoming nearly white, sjgoxos 8^1Q X 5-7 5 eUipsoid, 
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the angles not prominent, baaidia four-spored, oystidia none seen 
on ^des, on edge inflated or ventncose with a narrow neck and 
pedicel, 30-40 X 12-18 

This fungus has the stature of a mediumnsiBed Tncholoma, 
only the smaller specimens approach Leptonia Peekes collection 
from Shandaken and Worcester, the only one found at Albany, 
and probably the type, agrees with the fungus described above, 
but the fungus described by Kauffman as E cyaneum in The 
Agartcaceae of Michigan, p 661, differs markedly in the colors 
and the solid stem 

Entoloma GHisKOCYANEtJM Fr var ROSEtJM Maire — On humus In 
open woods, Pinckney, Sept 30, 1933 (33-1063) Pileus 3-4 cm 
broad, plane with a slight umbo, surface dry, innately fibnlloee- 
scaly, disk merely fibnllose, evenly cidored, near “vinaceous- 
brown,'' “vinaceous-gray** beneath the rosy scales, not striate, 
lamellae *‘omon-akin pi^,** close, adnexed, thickish, narrow to 
moderately broad, edge eroded, stipe 6-8 cm X 6-10 mm, en¬ 
larged evenly toward the base, apex covered by a vinaceous 
scurfy covenng, paler when glabrous, pallid gray below, longi¬ 
tudinally stnate, solid, spores angular tuberculate, 8-JO X 4-6 
clhpsoid, basidia 30-32 X 8-10 /i, four^spored, sterile elements 
none 

This fungus seems to be very rare in North America, but 
possibly it has been confused with E cyaneum Pk 

Flammula astkaoalina Fr — On decayed coniferous wood, Emer¬ 
son, Aug 26, 1933, coll E B Mams (33-760) Spores 5-7 X 
3 6-4 p, cystuUa scattered, 40-46 X 8-12 /x, fusoid-ventrioose, 
apex obtuse or tapenng rather sharply, stenie ceils similar to 
cystidia or shorter and more inflated, gill trams composed of a 
wide central strand of mterwoven hyphse bordered on each side 
by a narrow band of parallel hyphae, pileus tramar fllamentose, 
surface covered by a thin gelatinous pelliole 

The toghtly colored pile! and the gills, which are yellowish 
when young, serve to distinguii^ the species mibcrosoopioally 
Bresadoia (4) illustrates it very well His spore measurements, 
however, are slightly larger (7-9 X 3 5-4 m) tliwu those usually 
given for the spedes Kauffman ooUected this species in Wasb^ 
ington, Oregon, and Montana The spores of the Oregon oolleo* 
tlon (Mt Hood, 1922) measure 6-8 X 3 5-4 ^ Oystidia similar 
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to thoBO of the Micbigun coUection were found m specimens from 
Lake Quiniault, Washington, collected by Kauffman, Oct 20, 
1925 

OALSRUJLa CBRiNA (Bres) Atk —On mossy beech logs north of 
Newberry, near the Superior State Forest, Aug 28, 1933 (33- 
781) 

Galerula coNincRARtjM MurriU (PI XXX, Fig 3) — On moss on 
a hummock in a larch bog, Pinckney, Sept 25,1933 The distant 
gills separate this species from other small members of the group 
spores 7--8 X 4 6-6 /i, pileus homogeneous, sterile cells fusoid- 
ventncose (33-40 X ^9 /i), cystidia lacking on the sides of the 
lamellae 

GALEBunA MUBicELiiOBPORA Atk — On mossy logs, Superior State 
Forest, Aug 28, 1933 (33-782), Marquette, Sept 12, 1933 (33- 
952) Spores 10-12 6 (13 6) X 0-7 /i, minutely roughened, cys¬ 
tidia and sterile cells numerous, 60-70 X 10-12 pileus trama 
homogeneous 

Galarula paludosa (Fr), comb nov —On humus, swampy area, 
Wagner's Falls, Munising, Sept 7, 1933 (33-897) This is the 
form illustrated by Fries (loon T 129, f 3) Pileus trama 
composed of interwoven hyphae, surface covered by a thin, 
differentiated gelatinous pelhole, spores 8-10 X 4 /i, bamdia 
26^28 X 5-6 M (tiwo- and four-spored), sterile colls 30-36 X 6-9 m> 
fusoid-ventiioose, cystidia lacking on the sides of the gills, lamel¬ 
lae moderately broad, and broadly adnate as illustrated by Fries 

Qaudrula FienixiCTam Atk — On moss near a stream, Mumsmg, 
Sept 7, 1933 (33-905) Spores 8-10 X 4-4 5 m, basldia two- or 
four-epored, i^Ieus trama homogeneous, lamellae distant to sub- 
diatant, sterile cells slightly Mated at the base, elongated, with 
capitate apices The writer’s collection differed from Atkinson’s 
deacriptioa in its white stipe Qakrula hemtaphertea has a white 
stipe and spores which measure 8-9 X 4-5 p, but it has a different 
of ceU, as well as subcrowded lamellae 

GAtEaulua spiiCATirBia (Pk) Murr Singly on black muck in a 
swamp, Pinckney, July 25, 1933 (33-629), on rotting wood, 
Ann Arbor, Sept 23, 1933 (33-1006) Pileus 12-15 mm broad, 
faroa^y cMeal, ’’mummy brown" to "cinnamon-brown" darker 
on tadtiig to ochraoeoua-buff, glabrous, hygrophanous, 
peVuciM*^iiiiate to the disk, somev^t sulcate in age, very 
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fragile, lamellae narrow to ventncose, eubdistant, narrowly ad- 
nate, edge slightly fimbriate at times, ctnuamon-brown at matu¬ 
rity, stipe 4 cm X 1 6 mm , pale ochraceous-buff to white from 
the whitish pruinose-fibnllosc covering, longitudinally stnate, 
hollow, fragile, spores 7-9 X 4-5 fjL, subellipsoid, smooth, cys- 
tidia on the edge of the gills fuwMd-ventncose with obtuse apices, 
26-45 X 7-12 M> lacking on the sides, basidia 22-25 X 6-8 /u, 
four-spored, pileus corticated by a layer of inflated, pedicellate 
cells 

The corticat-ed pileus, fusoid-ventnoose sterile cells, small 
spores, lack of cyslidia on the sides of the gills, dark brown 
pileus, and stnate and white stipe distinguish the species 

GAtKRUi4A TiBncvsTia Atk (PI XXX, Fig 1) —On sphagnum, 
Mud Lake Bog, Whitmore Lake, Aug 25,^ 1929, coll A H Smith, 
determined by C H Kauffman, Mud Lake Bog, Whitmore Lake, 
Oct 8, 193d (33-1101), near the Yellow Dog River, Marquette, 
Sept 9, 1933 (33-913), Michigamme, Sept 11,1933 (33 941 and 
33-942 coll E B Mams) The photograph and the following 
description i^ere made from collection 33-1101 pileus convex, 
8-15 mm broad, glabrous, lubricous, "Sanford’s brown" to 
"chestnut," becoming "ochraceous-tawny" before fading, pale 
"ochraceouH-buff" when faded, margin straight, veil rudimentary 
but leaving a fringe on the mai^gin for a short time after breaking, 
lamelJao broad, adnate, subdecurrent at tunes, broadest at base 
(3-4 mm ), tapenng to edge, brown when young, cinnamon-brown 
in age, margin white floccose, subdistant, stipe 2-6 cm X ^ 
mm pale ochraceous, at first covered by ^^rse fibrils, soon 
glabrous, pruinoee above, equal, fragile, hollow, base sU^^htly 
bulboee, pileus trama homogeneous, cystidia lacking, sterile 
Celia 40''60 X 9^'12 /i, base slightly enlarged, apex subcapitate, 
spores 10-^12 X 7-8 almond-shaped, outer wall appearing 
wrinkled 

HinBiaxiMA ELATUM Fr (PI XXXI) —Scattered on si^iagnum, 
Mud Lake Bog, Whitmore Lake, Aug 19,1929, coll A H Strath, 
determined by C H Kauffman, same locality, Oct 14, 1933 
(33-1129) Mens 3-6 cm broad, broadly convex^^slightly um- 
bonate or expanded-plane to repand, "fawn color" at first, at 
length "pinkish cinnamon," margin paler, vladd, pellicle sepa¬ 
rable, mfugin even, flesh white, thin on the margiii, thick on the 
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disk, lamellae adnate \Mth a decurrent tooth, narrow, crowded, 
avellaneous with a tint of cinnamon, edge white-flocculose, stipe 
5-9 cm X 5-10(12) mm equal above the somewhat bulbous 
base, white to pallid, ai)ex mealy, longitudinally stnate, undu¬ 
late, stuffed, odor resembling radish somewhat, taste slightly 
bitter, spores 8-10 X 5 5 5 /a, ventrioose, slightly inequilateral, 
basidta 28-10 X 5-6 /i, cystidia lacking on the sides, stenle 
cells on the edge 65-85 X 4 -6 ja, filamentose 
The description is drawn up from Professor Kauffman's notes 
The species was abundant during August, 1920, and October, 
1933, but only occasional scattered specimens were found during 
the intervening period 

Hvokopmokus squAMULOsus lilhs (PI XXXII) - Gregarious on 
low ground along the edge of a bog, Whitmore Lake, Aug 13 
and ^pt 1, 1929, coll A H Smith, determine<l by C H Kauff¬ 
man The following description is drawn up from his notes 
pileus 1 6 “5 cm broad, convex, obtuse, the disk often shghtly 
depressed, firm, surface dry, cuticle continuous at first but soon 
breaking up into minute fibnilose scales especially near the margin, 
flame scarlet” to ^‘orange chrome,” margin yellowish at times, 
fading to “oohraceous-salmon,” flesh firm, conoolorous at first 
but fading to yellowish, lamellae adnate-decurrent, close to sub- 
distant, **apnoot yellow” or tinged reddish, broad, thick, stipe 
S-S cm X 3-6 mm frequently compressed, hollow, equal, ” apri¬ 
cot yellow” or tinged red, apex white-mealy, glabrous and naked 
elsewhere, concolorous within except for the white pith, odor 
and taste none, spores 6 5-8 X 4-5 ft, elhpsoid, basidia 30-32 X 
5 fly four-spored, gill trama parallel, stenle cells filamentose, 
scattered, 60 X 4 

Professor Kauffman notes that it “differs from H mimatus 
In Smaller spores, m the frequently compressed stem, the 
colors, however, seem to be different shades ” Although the local¬ 
ity has been visited regularly in the past five years the species 
has not been found again // mtmofus was collected in the same 
locality in 1929 The two species were easily distmguished 
HTPHOLOatA Artemisiab Pass (senstt Lange) Collected by C H 
Kauffman, Sept 13, 1907, but not determined, found again m 
1933 by E Nissen and A H Smith (33-1115) on humus in a low 
nlm woods at Stockbndge, Oct 10 The fruit bodies were both 
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scattered and greganoua Sinoe the material was abundant and 
since the spedes is not well known, the following description of 
the 1933 ooUeetion U given pileua 3-7 cm broad, obtusely conical 
at first, becoming umbonate, plane or with a slightly elevated 
margin, dry, not appearing hygrophanous, ''pale diab" when 
young, disk at maturity darker and somewhat avelianeous, re¬ 
mainder very pale buff or whitish, colors dull, not striate, surface 
soft, covered by minute innate fibrils, margin slightly appendlcu- 
late, flesh rather thick, watery punctate, white, lamellae narrow 
(5-6 mm), subdistant to close, widest at the base and tapering 
to the margin of the pileus, e^e even, white when young, be¬ 
coming dull brown at maturity, stipe 3*12 cm X 4-10 mm, 
pure white, fragile, hollow, covered by loose fibrils over lower 
portion, pnunose above and somewhat stnate, obscurely undu¬ 
late, base slightly clavate, spores 8-10 X 4-6 or 10*12 X 
4-5 purple-brown under t^ microscope, sht^tly curved or 
flattened in one view, basidia two- and four-sporod, stenle cells 
frequent, 50-00 X 14-16 iu> saccate to ventrioose and then the 
apices obtuse, cystidia scattered, rimilar to the stenle celts or 
more cylindrical, pileus trama pseudoparendiymatic near the 
surface but not corticate 

Lange (8) descnbes the species as ral^ small, the flei4t as 
hygrophanous, and the gills as crowded The fruit bodies in 
coll 33-1115 vaned greatly in rise, the flesh was watery punctate, 
a character of hygrophanous species, and the gills Varied from 
subdistant to close These differences are not to aepa* 

rate the two, however Peck's coQectlon at Albany was studied 
and found to be the same as the Michigan oblbctioiis The 
microscopical characters are identical in idl three, Feck's coUeo- 
Uon of 1878, Kauffman's of 1907, and the coH^on seem 
to be the only records of this spemes for Nc»th AmMiea 
SmtOLoua CANDOtiLKarrmi Fr — Singly in a moist mh beside a 
woodland path, PoroupUie Mountains, Ontonagmi Co^, Sept 14, 
1983 (33*955) No cystidia were fou^ on the odes (ff the jgUls, 
those on the ^ge measure 35-^ X 9-12 m ahd vary from fusold- 
ventricose to saccate PaHcer (9) dmribec the eyMhiia as **oa 
the edge ol the gills only" in his comparison of AT 
H €tmdo!kmum, and H tncerinm In hiS deaoriptKm of H 
CondoSeonmn (p 177) he states , eystidia on edge of gilts, 
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mibcylindno, subventrioose, projecting 29-36 ju, 9 11 m in width ” 
On pa^ 166, however, under ‘*phylongetio considerations/’ he 
places this species m the Appendioulati and says “ H cine- 
reum^H Cand^UeanumanAH /nocj/h^ome with cystidia on both 
sides and edge of gills ” Apparently the only specimens which 
he referred to H CandoUeanum having oystidia on the sides of 
the gills were those described by Kauffman under the name 
H hydropkyUum Fr (sensu Saocardo) The latter fungus, which 
has been collected frequently in Michigan, has but little resem¬ 
blance to the specimens here referred to H Candolleanum 
Hypholoma ECHINICEP8 Atk — Closely gregarious or suboespltose 
near old stumps m pasture land, Ann Arbor, Oct 18, 1931 (two 
collections), and Sept 27, 1932 (32-489) Parker (9) gues the 
distnbution of this species as entirely withm New York 
Hypholoma hymenockphalum Pk (PI XXX, Fig 2) - On humus 
In swampy areas, Lakeland, July 1, 1933 (33-573), and Pinckney, 
July 18, 1933 (33-581) I^eus 2-^ 5 cm broad, convex lo ob¬ 
tusely conical, becoming expanded-plane or remaimng slightly 
ufnbonaie, cinnamon-brown,’’ lading to ’^pale oohraceous-buff,” 
covered at first by loose fibrous scales, the fibers composed of 
elongated cells 25^ X 10-14 fx, glabrous at maturity, slightly 
corrugated, hygrophanous, sometimes striate, lamellae close, nar¬ 
row, adnate, equal, whitish at first, slowly changing to purple- 
brown, stipe 3-6 cm X 2-4 mm, white, dry, dotted with loose 
fibers, hoUow, with large cavity, fragile, tapenng upward, prui- 
nose or fibroueniotted above, odor none, taste unpleasant, spores 
7-8 X 3-4 Ml ellipsoid, cystidia none, sterile cells cylmdnoal or 
ventricose 4^7 X 9-15 m> pleus trama covered by a layer of 
infiated-globosC cells. It is entirely possible that H hynieno- 
c^phalufn and H ooronahm are one and the same species II 
corenolum as desenbed by Kauffman (7) is oharaoterUod by dark 
brownish gray colore, but Bresadola’S description and illustration 
(4) easily the collections died here under H kyimnocephch 
hm ]P\trther study m both Europe and America will be necessary 
to deticnaine accurately the relationship between the two The 
writer^! ^Mcimens agree well with the of hymenocephalum 
at AtbAuy The fruit bodies in the latter, however, are slightly 
nwe rohust- The twenty-odd additional collections in the Her- 
badw the New York State Museum at Albany show too 
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much variation m size for this difference alone to be given much 
weight 

Inocybb w>ngipes Kauff — On moss and humus under Rhus Vemtz 
in a larch bog near Ann Arbor, Sept 9, 1932 (32-386) This 
species was descnbed by Kauffman from Welches, Oregon, and 
has also been collected by him in Washington The young 
sporophores are nearly white or pale cream color at first, becom¬ 
ing darker as they develop, finally sordid ochraceous yellow or isa- 
belhne In moist weather the matted fibnls on the pileus may 
seem subviscid, but there is no gelatinizing layer 

Leptonia 8TRTCTIPE8 Pcck — Scattered on sphagnum, George Re¬ 
serve, Pinckney, July 21,1933 (33-603) Pileus 1 5-3 cm broad, 
obtusely campanulate, dry, innately furfuraceous to fibrillose, 
slightly scaly on the disk m age, evenly colored, “cacao brown” 
to “pecan brown” or disk “walnut brown,” not striate or only 
faintly so when wet, lamellae close, broad, pallid, then dingy 
flesh color, adnate, at times decurrent by a sliort tooth or only 
by a faint Une, edge uneven, floccoae, stipe glabrous, cartilagi¬ 
nous, evenly colored, color similar to that of pileus but usually 
somewhat sordid, odor and taste none, spores 10 8-13 5 X 
6 5-8 ju, tubercuJate-angular, flesh color m mass, bsaidia 40-44 X 
9-11 ju, four-spored, oystidia none seen, sterile cells basidia-hke 
The spores of the type measure 10-12 6 X 6-7 5 m and no 
differentiated sterile elements were found Aj^rently this species 
has been known previously only from the type locality in New 
York 

Naucoria MiosoTiB Fr —On wet ground along the margin of a 
bog, Ives Lake, Big Bay, Sept 16, 1933 (33-988) Pileus 2-2 5 
cm broad, broadly conical to convex, glabrous, or occasianany 
with fibnllose patches near the margin, viscid to glutinous^ 
“medal bronze” to “citnne,” evenly colored, faintly strlatulato 
when fading, and then brownish colors more pronounced, not at 
ail stnate when fresh, flesh pallid to dull greenish, lamellae 
adnate to shallowly adnexed, subdistant, moderately broad, equal 
to slightly ventricose, whitish to pale oHvaceous, becoming brown 
from the spores, edge white-fimbnate and eroded, stipe cm X 

2-5 mm, very ngid, covered by white fibrillose patches which 
blackened in dr3riag, densely pruinose above, hoUow, equal, spores 
14-16 X 7-9Mf ^nioothisHghtiyaimondHdiapod, baifldia4^53 X 
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10-12 /i, four-spored, cystidia embedded, scattered on mdes of 
lametlaei apex often with 8e\oral rodlikc prolongations, sterile 
cells fliamentose to subfusoid, 35-44 X 6-9 trama homo* 

geneous, of short, rather broad cells irregularly arrange<l, pileus 
trama differentiated into a rather loose, very gelatinous pellicle, 
and a body of interwoven filamentoae cells The cells of the 
pellicle and those immediately beneath it were filled with a pale 
olivaceous content 

This collection differs from the descriptions of N myosoiiB 
given by Rea and Ricken m the presence of embedded cystidia 
on the sides of the gills Those imght easily have been ov erlooked, 
the specimens are charactenstic m all other respects 
Naucoria faludosella Atk — Scattered on moss m a sphagnum 
bog, usually near or on hummocks, Mud Lake Bog, Whitmore 
Lake, Sept 26, 1933 (33-1014), and Sept 28, 1933 (31-1041) 
PileuB 3-6 cm. broad, convex to plane, pale creamy, disk often 
“tawny,” covered when young by tawny, fibniloso, easily re¬ 
movable scales, margin fibrillose, slimy when wet, soon dry and 
scarcely viscid, lamellae close, sinuaie-adnate, moderately narrow 
(broad in some small pilei), pale yellowish buff, then emnamou- 
brown, pliant and soft but tenacious (very hard to section), 
stipe 3-6 cm X 3 4 mm , pallid above, tawny to russet lielow, 
fibnilose or fibnllose-scaly below, prumose above and buffy 
yellow, tubular, spores 7-8 X 4-5 ju, subovoid, sterile cells 
40-60 X 3 11 Ml cystidia similar to sterile cells, sponulio, i e 
abundant on one gill and none on others near by, pileus trama 
made up of a pellicle of narrow, loosely arranged cells with colored 
walla, body of larger, hyaline cells, gill trama of narrow hyphao 
Hus IS clearly the plant which Atkinson (1) illustrated and de¬ 
scribed Because of the rather thick stipe and Flammula-like 
habit, one is likely to look for it first m Flammula 
NaUOORIA vERNAtis (Pk) Saoc — Pileus 1-2 5 cm broad, convex 
at first, then expanded-plane or slightly depressed, margin 
slightly decurved and usually with scattered fibnls or fibnilose 
Sd^Gs from the broken veil, lubricous, “chamois,” “honey yel¬ 
low,” or ”c]ay color,” subhygrophanous, finely and closely pel- 
lucidly striate on the margin, flesh 2 3 mm thick, tapenog 
gradually to the margin, lamellae crowded and narrow (15- 
2 ttum), broadly adnate, receding in age, edge minutely crenulate, 
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stipe 4r-6 cm X 3--6 mm, with an evanescent apical annular 
fibnllose soDe, veil submembranous at times, concolorous with 
pileuB above, reddish brown below, longitudinally fibrous-striate 
to the apex, suboartilaginous, spores 6-^ X 3-4 obovate with 
a truncate base, or subellipsoid, basldia four-epored, cystidia 
lacking on sides, sterile cells on edge fusoid-ventricose, 35-40 X 
8-12 /i, odor and taste none, pileus trama homogeneous 
The lubricous cap with its fine crowded striations, pale color, 
and marginal fibnllose scales, the very narrow crowded gills, 
and the truncate i^res make Ibis a very distmct species. It 
was either cespitose or gregarious on d4brU in woods of maple 
and beech at Harbor Springs, June 4,1932 (32-46), on coniferous 
wood at Wilderness Park, June 4, 1932 (32-82), and at Rock 
River, June 9, 1933 (33-341) These collections correspond 
closely to the type at Albany, New York Peck's illustration 
shows a plant with an apical annular fibiillose sone similar to 
that on the fruit bodies descnbed above The spores of the type 
measure 6-7 (8) X 3-3 5 are subellipsoid to obovoid, and have 
truncate bases No cystidia were seen on the sides of the gills, 
the sterile cells are fusoid-ventricose and measure 3(M0 X 8-12 
Atkinson’s photograph (2, Fig. 150) illustrates a more robust 
fungus, and certain discrepancies in his description indicate that 
he was probably dealing with a different specif 
Plutbus hibpidulos Fr — Scattered on old beech logs, BUsswood, 
Harbor Springs, Aug 17, 1933 (33-649), and Aug 20, (83-718) 
Spores 4 5-6 subglobose in outline, cystidia presait on the 
edges of the lamellae only, 30-36 X 10-12 fi. The Michigan 
collections of this species, apparently very rare in North America, 
correspond closely to the illustration of Fries (Icon T 90, f 2) 
TnicaoLOMA MiCROsroBxm Ellis — Scattered on humus along the 
edge of a bog, Dexter, Sept 14,1932 (32-405), and Oct 5, 1933 
(33-1096) Pileus 3-15 mm broad, obtusely conical when 
young, remaining so or becoming expanded and slightly um- 
bonate, surface dull, dry, faintly prttinoee at first, evenly *^daep 
vinaceous^lavender," but tending to fade to a pale Ifiac-gray, 
margin mourved when young, lamellae narrow, slightly ventri« 
cose, distant to close, concolorous with the pileus at first hut 
soon fading to pale grayish hlac, adnate, stipe 1*^ cm X 1-1*5 
mm, pale lilao to lavender, hoary with a ooaiii^ of grayish 
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fibrils, base sordid, odor and taste none, spores 2 5-3 5 X 
2-2 5 subglobose to broadly ellipsoid, differentiated sterile 
cells or eystidia lacking, basidia two- and four-spored 
The very narrow (but truly fibrous) stipe and the incurved 
pileus margin might lead one to look for this species in the genus 
Collybia 

or MscHiOiiN 
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THE FRESH-WATER ALGAE OF 
NEWFOUNDLAND* 

PART II 

WM BANDOIPH TAYLOR 

I N THIS second part many additional species of dcsmids and a 
few other algae are recorded for Newfoundland Part I, in the 
preceding volume of the Papers (19 217-280), deals with general 
features of the algal flora and lists the Myxophyceae and part of 
the Chloropbyceae 

SrAUHASTEUM Moycn 

Stawrastrum ALT1DRNAN8 De Brdb (PI XXXV, hig 6) — L 21- 
24/i, w 21 25/t, isth 7ju Pools Stas 119, IngomechoixBay, 
122, Pomte Rlohe, B 26, Whitboume 
At times the granules tended toward a linear arrangement 
over the apex, as in the type figured 
StAWRABTRtrM AMERIOANVM (W 4 G S West) G M Smith var 
LONOIRADIATUM 0 M Smith f (PI XXXVIII, Pig 10) - 
L max 44-68 p, 1 body 12-13 p, w max 40 66 p, isth ib p 
Pools Stas 146, Ixiokout Mt, F 8, Grandys Brook 
These plants are more like Smith’s 8 ammramm Umgtradtalum 
(1921) than the Wests’ 8 groiUatmum amencanum (1896), from 
which it was segregated, but differ from both m their much smaller 
sue and depressed apices This plant shows a depressed apex 
which suggests 8 Chaetoceras (Schrfid) G M Smith (1924), but 
the sinus is very different 

Staorastrcu anahnum Cooke 4 Wills, near var cubtum Q M 
Smith (PI XXXIV, Figs 7, 7a) - L body 28 /«, w 47-76 p 
Pools. Stas 140,146, Lookout Mt 
STAimASTRUM ANATimnc var truncattju W West (PI XXXIX, 

* Papers from Um Department of Botany of the University of Miobican. 
No 482 
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Fig 17) “ L max 68-60 w max 79-95 Pt i8th 19 n Pool 
Sta 140, Lookout Mt 

STAUuafiTBCst Anchora wags West (PI XXXVIII, Fig 9) — 
L 76/XfVf max 113/i>w body22/i, teth 12 ju Pool Sta 140, 
IxK>kout Mt 

Smaller and with more incurved arma than Smith (1924) reports 
it from Wisconsin, but agreeing m both mse and shape with the 
Wests’ original figures of American specimens (189^), though 
differing from the description m its relatively longer cells with 
shorter arms 

Stattrabtrum ankyroioes Wolle var p&NTACtADUM O M Smith 
(PI XXXVII, Fig 10) — L 72-77 p, w max 116-120 m, w 
body 18 fJL Pool Sta 140, Lookout Mt 
In the examples seen the ornamentation was slightly less 
prominent than m Smith’s fonn (1924) 

Staubasthitm APtcunATTJM De Br^b (PI XXXIII, Fig 6) — L 
30 w 28 iXf 18 th 7 p Pool Stas 112, St John Bay, 122, 
Pomte Riche 

StATTRASTRUM Arctiscok (Ehrenb ) Lund (Pt XXXVI, Figs 13-14, 
PI XXXVII, Fig 9) — L max 117-132 m, 1 body 66-65 ju, 
w max 120-122 /k, w body 42 49 p, isth 21 (i Pools Stas 
140, Lookout Mt, B 9, St Johns 
The Lookout Mt material has longer arms than that from 
St Johns, the more typical, and more arms to each oemieell (about 
20 against 15) The Wests (1896) found their American material 
to have smoother arms than the Europeah, but the Newfound* 
land specimens do not agree with their var gkhrum 

StAtniAftTRUM ARctJATCii Nordst Reported by Cuehnaan (1907) 
from St Anthony 

Statoastrum ARiBTirvRtru Balls (Part I, W LVII, Figs 1-2) — 
L max 40-60 1 body 21-2f /i, w. max. 38 Mr ^ body 29^24 m* 
isth 6 6 Pools. Stas 146> Lookout Mt, F 8, Orandys 
Brook 

STAVRAeTRUH AHiSTiFSiRUM, f (Pgrt I, PI LVU, Kg 3). L ffiax. 
70 p, \ body 38 /i, w max 67 ^ body 34 ju Pod Sta 

140, Lookout Mt 

STAURASTRim AftiB'nFBRxjU, f (Part I, PI LVII, Fig 4) — L max 
34 Mr 1 body 10 Mi w max 38 Mr body 13 m» Pod Sta« 146, 
Lookout Mt 
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Stauhabtrtjm AV1 &R8UM Luucl (Pi XXXIII, Fxg 7) 47 fi, 

w 42 M Pool Sta 146, Lookout Mt 
Staukastbum Aviccla De Br^b var subarcuatum (Wolle) W 
West (PI XXXIV, Fig 3) -L 28 w 38 /z, isth 14 fjt 
Pool Sta F 9, Burgeo 

Staukastrum aicoHNE Hauptfl (PI XXXVIII, Figs 7-8) —L 
53-71 /i, w max 73-^3 /«, w body 10-27 th 23 jU| wth 10- 
13 m Pools Stas 116, St John Bay, 119, Ingornechoix Bay, 
122, Pointe Riche 

These plants range larger than those cited by Carter (1923), 
but the minimal dimensions are very close 
Stftttraatrum bioculatuiai sp nov' (PI XXXVIII, Figs 3-4) — 
Cells large, compressed, biradiate, semicells tapered in polar 
view, with long, hollow, crenate arms at the ends, cask-shaped 
in end view, irregularly rectangular and transversely constricted 
in side view, bearing two long, curving, upwardly divergent, 
hollow, strongly dentate arms with three-aculeate tips at the 
upper angles, basal denticuJations often enlarged to obvious 
spines, polar area with three papillae on each side, the lateral 
ones emarginate, the oentral also slightly apioulate in the center, 
basal area indat^ between the isthmus and the arms, the infla¬ 
tion armed on each side with (usually) two rows of about three 
spines each> the oentral spine much larger than the laterals, 
upper lateral faces erf the aemicell with two depressed refractive 
incrassatepi^rfllae, cell otherwise smooth, sinus acute, outwardly 
dilated L max 76 Mi I body 34H52 m, w max 94-103 m> w 
body 17-18 M» th 13-17 Pfisth 9 m Pools Sta 140, Lookout Mt 
This attractive species pMiioularly resembles 8 unruUorQ M 
Smith, since that ^ similar, but single, lateral projections, and 

‘ Stemitnsm btoeoUtatn, up nov — Cetluloe magaae, compre«M, btrs- 
dlaUe; Mmdc^ults sspectu polsri angustatis aptoe braoohia longs vacua crenata 
ferenti^, oopeetu aotall doUiformibus, i^iectu faciaU irregulariter rectangulls 
at transvann eoiwtrietia braoohia 2 ksiga divergentia Bimmm curvata vacua 
valde dontata Opfos S-aculeata ferentibu«, braoebiorum dentibus inferioribuc 
aoepe ouipda, at^onmhu*, arcs polari utrmque S-papUlato, papiUts laterali- 
bui emar^natls, media edsm<|ae sploulata, area baeali inter bracchia et wthmum 
inSaia, p^rumtua 2 seriebui apinarom trinanim armata, send spina 

oentrak <|aam laterahbua ouneplcue grandium, eemioeUulae faciebue miperiore 
parte papWba 2 depmaeb laoraesatia refractivis praeditU, oeterum laevlbuB, dnu 
aeuie. Lnag max* 75 Mr long oorp 84-52 m* lat mas, 94-108 Mr lat corp 
17-ig Mr eroM eorp. 18^17 Mr iat leth 9 m* Newfoundland, in loco dicto Lookout 
Mi,, ^tBayamLong 
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amilar rounded basal-lateral contours, but with a different orna¬ 
mentation The coll body in the present species is longer and 
the total width greater, although the body is not quite so wide 
Gr^^nblad’s S dtmazum (Ltitkem) GrCnbl (1920) has two lateral 
projections, but they are granulate, the general contours are 
different, and the plants are smaller, his var elegantiuB is nar¬ 
rower and differs in surface oharactors The Wests’ leptocladum 
tntngne (1896) has a similar, but single) lateral projection, more 
apical vermcae, and a more delicate fonn 

Staurastrum BORBAtK W & G S Wcst, vat (?) (PI XXXIX, 
Fig 12) — Lf max 31 /i, w max 43 /*, isth 7 p Pools Stas 
116, St John Bay, 122, Pomte Riohe 
Somewhat like Grdnblad's 8 affimfonne (1920), but in S 
boreale the polar area bears definite vermcae and the cells are 
relatively broader across the arms 

Staurastkom botbophilum Well© (PI XXXIII, Figs 11, 13) — 
L 53-67 Pf w 46-49 p, isth 12-14 p Seepy slope and stream 
Stas 129, Doctors Hill (frequent), B 24, Whitboume 
When compared with Wolle’s data (1892) these plants appear 
to be rather large 

Staitbastrum brachutum Ralfs (PI XXXV, Fig 21) — L max 
40 p, I body 18 p, w 38 p^ isth 9 p Pool Sta F 8, Orandys 
Brook 

STATjRASTRxm BRAsiLiBNSE Nordst voT LuNDKtur W West (PI 
XXXIII, Fig 16) -L max 152 body96ji,w max 130 
w body 64 p, isth 38 p Pool Sta 140, Lookout Mt 

Stauhastrum BRBvispiKUH De Br4b, f near var altum W & 
G S West (PI XXXIII, 14) — L 60-62 Pr w 42 p, isth 
15 p Pool Sta, 140, Lookout Mt 
Longer than broad, with upturned mucro at the angles, in 
which it resembles the cited variety, but in longitudinal dimen¬ 
sions not beyond the species range 

Stauhastruju Cbrastus Lund (PI XXXVI, Fig 15) —L 62- 
56 ju, w max 63 5-67 p, Isth 17 6 m Pools Stas 140, 146, 
Lookout Mt 

STAtTBASTRUH Ci/BVKi (Wittf) Roy Biss (PI XXXVI, Figs 
9^-10) — L max 60-69 1 body 32-38 w max 60^ Mt 

w body 22-30 p, isth 13 p. Pools Stas 146 (frequent), 
Lookout Mt, F 8, Grandys Brook 
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Carter (1923) notes 8 CUvet as smooth, but at least part of 
the present material is finely punctulate, as well as larger than 
the British specimens The triepinate arm character shown in 
Figure 10« lower semicell, is unusual 
Stauhabtrum C08MAR101DKS Nordst (PI XXVIV, Pig 8) — L 
75 ju, w 42 ju, isth 13 ju Pool Sta 119, Ingorticchoix Bay 
STAURASTRUMCRBNtJtATtJM(Naeg)Delp ,f (PI XXXVII, Fig 6) — 
L 19-21 /i, w max 20-24 /i, isth 6 5 ju Pools Stas F 8, 
Burgeo, B 26, Whitbourne 

G S West (1899) figures a senes of reduced forms v^hich appear 
to justify assigmng this material to 8 cnnulairm 
Staurastkum cusPiDATUM De Br^b (PI XXXIII, Iig 2) — L 
24-28 /i, w max 41-65 w body 22-23 jli Pools Stas 119, 
Ingomechoix Bay, 140, Lookout Mt 
StAOKASTKUM CUSPIDATUM Var CANADENSb G M Smith (PI 
XXXIII, Figs 5, 3 f ?) — L max 38-40 1 body 19 22 Mr 

w max 32-40 Mi w body 16-18 Mi wih 6 6 m Pools Stas 
140, liookout Mt , B 21, Whitbourne 

A litUo small for this variety (Smith, 1924), the apex was 
depressed The desmid in Figure 3 probably represents a larger 
form with reduced spines, the dorsal inflation is not a contrary 
indication The elongate indented isthmus distinguishes it from 
8 mucTonaium^ to which its size gives some resemblance (I 45 Mr 
w max 43 Ml w body 38 Mr 10 M)r it came from Sta 122, 
Pointe Riche 

STAUKAaTttUM DWKCTUM De Br6b (Part I, PI LVII, Figs 5-6) — 
L, max 81-39 Mi 1 body 18-25 m# w max 24-38 Mr w body 18- 
28 M Pools Stas 119, Ingomechoix Bay, 140, 146, Lookout 
Mt, P 8, Qrandys Brook 

STAuaABTRUM DwiDCTUM var PATUNS Nordst (PI XXXllI, Fig 1) 
— L 28 Ml w max 42MrW body 34 m Ft>ul Sta 116, St John 
Bay 

Staurastrum Dickibi Ralfs (PI XXXIII, Fig 12) — L 34 Mr w 
max 48-66 Ml w body 36-43 M Pools Stas 119, Ingomechoix 
Bayj 122, Pointe Riche, B 21, Whitbourne 
Staurastrum wlatatum Ehrenb (PI XXXV, Fig 9) — L 28- 
80 Ml ^ 24-31 (-48?) Mi wth 9-10 m IWtohes, pools, and 
wet moss Stas 129, Doctors Hill, 135, Pointe Riche, 103, 
Mclvws Cove, B 6, 9, 20, St Johns, B 24, Whitbourne 
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Some of the material had a well-differentiated ring of granuiea 
about the isthmus^ as figured 

STAURAstBUM DUBiuM W Wcst — Repotted by Cushman (1907) 
from Rose^u-Rue 

Staubabtrum bchinatum De Br6b —• Reported by Cushman <1907) 
from St Anthony For the vanoud interpretations of this species 
see Heimans (1926) 

Staurastrum elonoatum Barker (Pi XXXVI, Figs 1-2) — L 
60 M) w max 40 Pools Stas 146> Lookout Mt, F 6, Great 
BarachoiSf F Qrandys Brook 
Donat (1927) aoeepts a southern coastal plain distribution 
in Amenca for this plant, but m Europe (Carter, 1923) it is 
northern 

Stauraatrum FamaldU, sp nov^ (PI XXXVl, Fig 6) Plant 
small, semioelis triangular in polar view, the sides shghtly con¬ 
cave, the angles produced into stout processes with fi-T-d^tiou- 
late flattened ends, three or four rings of acute granules encircling 
each arm, causing the margins to appear dentate, and two or 
three granules withm the margin on Obsolete processes, central 
area smooth, semioelis m side view subeylihdncal below, a little 
swollen near the isthmus, the swelling sunhounted by a row of 
acute granules, the upper angles extended into stout hollow 
processes as described above L 38 /i, w max 23^29 /i, w base 
body 9 5 lath 6 5-7 0 p Pod Sta F 8, Qraadys Brodc 
This plant shows similanties to 3 Zygaena A 0 8 West 
(1896), but that plant is relatively wider and differs hf^U^ace 
details It is also somewhat like 8 mergartfateum, but has huiger 
body and arms 

STAtmASTRUU rtmoArxm (Ehrh) De Br4b (H XXXIV, Fig 2, 
PI XXXVII, Fig 14, f) —L max 4(Hi7 I body 22-^ 
w max 34^8 w body 18^22 iath 116 m Stas 

^ 140, Lookout Mt, F 6, Great Baraohois^ 

* gtsiuasteMtt Femsldili apu nov ^ Plaute parva, •emiesMsameottk po¬ 
lar! tiiangukribus; lateHbm paulo ooDoavla; angiilis ta brasokia 5^7<d0ati- 
Qulata api^ planata product, naigiaibui de tSHiteghteukviim asutomm ter 
quatenre vertudllate braecbia oiitnunataotiimi deaiatia, granolis |uirai3iia>ip- 
nabbus 2 vel ^ aiea eentrah laeri) tetdtelluUi hwM deomtai tub- 

oyUsdiriela, prope iethmiim aitbinfiatto, iaSatiotie gMuleruia abvtorum arniule 
circomdata, aaguHs aapenoribua in brnedda eraSte vacua prcduoti* Long 
SSMilat >nax eorp ba» brtb63-7X)/t msdduikdlititd, fa 

looo dlcto Oraedi« Bim, hgit / M 3t 
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The prooesBes varied from rather slender and solid near the 
forked ends (notably from Sta F 6), to short and hollow through¬ 
out 

STAtnusTRCTM FUECATtJM, var (?) (PI XXXVI. Fig 11) — L max 
36-40 I* body 22 /i, w 43-47 ju, isth 7 5 /i Pool Sta 146. 
Lookout Mt 

The processes in this variety are slender, not always hollow 
througdiout, the semieells are triangular with the upper senes of 
processes borne on an elevated apex, the lower margins are nearly 
smooth except that in many instances they are characteristically 
set with a single long (3-4 pi) spine Rach (1932) recognizes the 
presence of such a spine m B fuTCoium GrOnblad (1920) accepts 
as S Tohopekaligtnw forms with 2 series of upper processes 
Prescott (1931) figures a short-armed form as B TohopekaUgmse 
tnfufcatum which suggests this plant 
Statoabtrum ruRCATUM var acuuoatvm Schmidle (?) (PI XXWII, 
Fig 6) —■ W max 36 pi, w body 21 pi Pool Sta F 8, Grandys 
Brook 

STAURABTRUlf FURCWBRUM Do Br4b (PI XXXVI, FlgS 7-8) — 
L max 70-72 pi, 1 body 30-36 pi, w max 51-80 w body 22- 
38 pi, isth 16 pi Pools Stas 116, St John Bay, 122, Pointe 
Riche, 119,lngomeohoixBay, 140, Lookout Mt, B6,St Johns 
The range of length of arm seems to be considerable in this 
material The form shown by Figure 7 resembles var armtgenm 
except for the number of arms in the upper senes 
STAUitABTBPtc ruRCiQUBUM var B0BTEPHANA (Mrcub) Nofdst — 
Pool Sta 119, Ingomcchoix Bay 
STAUitASTBUif ORMiKATUM Nordst, near var lokoispinuu Prints 
(PI XXXV, Figs 10-11) - L max 40-47 pt, I body 28-30 pi, 
w max 31-^ pi, w body 19-28 pt Pool Sta 146, Lookout Mt 
The i^inei are a little shorter and there are two more at oach 
angle than figured by Prints (1915), with Uie semieells less 
rounded in side view Hie material is also suggestive of 8 
Ratfs, Allorge’s figures of that species (1930) are more 
Figure 11 of the present matenal than the figure used by 
Carter (1923), but their plants were analjer 
StAuiuaTiwmoiuott»RflJ£s(PI XXXIX,Flg 13) *W max 67 m 
S ta* 116i St John Bay 

STAUBAS^tm (PI XXXIX, Fig 18) — 
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Cell largej biradlatOi somicells truncate-triangular, the distal 
angles prolonge<l into stout slightly divergent arms, the base 
sUghtly and abruptly contracted into a shallow sinus, arms from 
the side terminated by two stout spines nearly in the plane of 
the cell, with the outer spines larger than the inner, upper and 
lower margins serrate, the upper accentuated by a dorsal row of 
apiculae, the sides bearing a row of smaller apioulae, cell body 
from the side showing tao rows of granules a^ve the sinus and 
two rows below the bases of the arms, with the apical ornamenta¬ 
tion across the crest, cell apex showing a broadly oval body ex¬ 
tended into the stout arms, the cell faces obviously thickened, 
the top showing a pair of erose or three-dentioulate verrucae on 
each side, and two spines at the junction with each arm, the area 
between sparsely granulate L max 80 n, 1 body 60 w max 
96 /i, body 22 /i, th 24 /u, isth 9 5 ^ Pool Sta 140, Look¬ 
out Mt 

Larger than the species, and particularly resembling but also 
larger than the var forcijngerum Lagerh , which Smith (1924) re¬ 
ports as having one asymmetncally placed spine at each ami^ 
l>aae ' 

Statoastbum okandb Bulnh var farvuh W West (PI XXXIV, 
Fig 9) — L 65 w 66 >5th 17 6 Pool Sta. 140, Look¬ 
out Mt 

Stauhastbum Hkimhbmanum LUtkem, f (?) (PI XXXVII, Fig 3) 
— L body 16 At, I max. 21 At, w 2$ p, isth 5 6 A* Sta 

F 8, Grandya Brook 

Staitbastrum XNFnEXUM De Br4b (PI XXXV, Fig 16) — L 19 p, 
w max 38 Alt w body 10 Mt lath 4 5 /i Pool Sta^ 116, St John 
Bay 

STAimAJSTBUM lOTANVM WoUe (PI XXXV, Fig 14) — L max 19 fi, 

^ 1 body 10 Alt w max 22 ai Sta 146, lookout Mt 

Staubastbum JOHNSON! W AGS West (PI XXXVnitFigs 6^) 
— L max. 63-75 Mi J body 45-58 ai, w max. 84-103 m, w body 
13-17 5 ai, iath 9 6 m Pool Sta 140, Lookout Mt 
As oiigmally described (1896), the arms were nearly parallel, 
Smith (1924a) accepts the diverging arms, Smith Again (19246) 
figures divei^^^ arms, but with a ditferent type ol lateral orna¬ 
mentation on the semioeli faces, the subapiCal rings of granules 
which he figures (1924a, 6) are reduced to strong verrucae, but 
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hi8 var depauperaium shows a similar amplification, Grdnblad’s 
var perperniwulaium (1921) has divergent, slightly curved arms 
like those of the Newfoundland material, but his plants were 
somewhat larger Cushman's var coloradmtie (1904) has rougher 
arms and is shorter 

Staurastruhc LEPTocLAnuM Nordst, f (PI XXXIX, tig 19) — 
W 84-120 p Pools Htas 140, 146, Wkout Mt 
The polar area bears upon each side two small aculci, of unequal 
size, on a slightly developed verruca It is near the var comuia 
of Wille 

Staurasthum ix>noibpinum (Bail) Arch var btdentatum (Wittr) 
WAGS West (1902) — Reported by Cushman (1907) from 
St Anthony 

Btaurastauu macrocekum Wolle Reported by Cushman (1907) 
from St Anthony 

STi^URASTRUM MARQARXTACBUM (Ehrenb) Menegh , f (PI XXXVII, 
Fig 1) —Cell small, body of semioelJs abort, tapered slightly 
toward the isthmal constriction, smooth except for the basal 
angle with one row of granules, and the polar area with a bigranu- 
late verruca near the margin between the arms, arms usually 
five, margins denticulate, surface with 3-4 nngs of granules, 
ends 5-7-denticulate L 32 Mi w max 36 /x, w body 14 isth 
9 p* Pool Sta F 6, Great Barachois 

Staurastrum Mebiani Reinsch (PI XXXV, Fig 16) L 42 5 /x, 
w 23 7 /X Rill Sta 134, Pointe Riche 

Statjrastrum mucbonatum Ralfs, large f (PI XXXIII, Fig 8) 
h 37 5 jtx, w max 51 /x, w body 39 /x Pool Sts 119, Ingome- 
ohoix Bay 

Hiis plant differs from the type pnnoipally in size, but var 
Bvbinangulare is large Some figures of Smith's 8 defectum in- 
fUUum (1924) suggest this material, but Carter's do not (1923) 

Staurastbto mucronatcm var suBTRiANOimARM W & G S West 
(PI XXXIII, Fig 4) — L max 36^-43 /x, 1 body 35-36 /x, w 
max 42-49 w body 33-38 /x» i^h 9-13 m Pool Sta 122, 
Pbinte lUehe 

STAtnusTRUM MURicATust De Br4b, f (PI XXXV, Fig 4) L 
46-56 M, w 37 38 fA, isth 11 /x Pools, wet banks, and ditches 
Stas 134, Pointe Riche, 102 (frequent), 103 Molvers Cove, 
B28,29, WUtbouroe 
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Staubabtuctm ^anum Wolle — Reported by Cushman (1907) from 
Rose-au-Rue 

Stalrastrum natator W West (PI XXXVIII, Figs 1-2) —L 
max 66-75 /i, I body 36-38 /u, w max 85-8$ w body 11-15 p, 
th 14-16 jU, isth 9 6 Pools Stas 140, £x)okout Mt , B 26, 
Whitbourne 

Notable points of variation include a length over all somewhat 
greater than m the British (Carter, 1923) and Wisconsin (Smith, 
1924o) plants, an atlditional row of granules near the isthmus, 
and nngs of pores (or granules?) below the apical v errucae Tlie 
Wests’ figures (1896) of American var crassum and their measure¬ 
ments show a much thicker cell, Smith’s figure (1924n) of type 
material is closer t<i the present form 
Staurastrum novae-teirae, sp nov • (PI XXXVI, Fig 4) — Cells 
of moderate size, semi cells from polar view triangular, the sides 
straight or slightly concave, truncate-tnangular from side view, 
the polar area hardly elevated, the angles with long, smooth 
divergent processes, solid or slightly excavate at the base, bi¬ 
furcate at the tip into two stout spines, top with a series of three 
pairs of short, divergent, solid, bifurcate processes, one on each 
side of each angle, inserted well within the margin, sides usually 
denticulate below each angle, but otherwise contour unbroken, 
sinus open, nearly 90^, wall minutely punctulate L max 28-46 
fjif 1 body 25-28 ju, w max 38-60 p, w body 22-23 p, isth 
7 5-0 5 fx Fools Stas 146, Lookout Mt, F 8, Grandys 
Brook 

This plant differs from S p$eudopelag%cum and S pelOigtcutn 
in the upper senes of processes, and apparently from the former 
m ifs solid arms, though the latter has its (shorter) arms solid 
The longer arms and the tnangular semioells and this character 
of solidity separate the matenal from S furcaium and S Toho^ 

* SUuraatrum aoTAe-terrA«, sp nov - CelluUe medioeres, 
aepeetu polarl trumgularibus, UteribuB rectU vol subconoavSs, aspectu laterati 
triaagulanbtifl, ares polori vU elevata, aogulia bracehiig lon|^ laevibus cbver- 
gentibus solidis vel b^i poulo excavatis praeditu, apice Ufurcatia apinaa 2 validaa 
ferentibus, sttperficie aerlem oerte inframarginalem appendieum 6 cUvergeittium 
aoUdanim bifurcatanun reguUritcr gcminatim pomtarum ferente, Utenbua 
pleruinque infra angulos dentaiU alioqui integna, alnu aperto, aubreotangulo, 
membrana minutiasune puneiulata Long max 28-45 long oorp 
lat max 38-50 fx, lat oorp 22-23 m, lat iath. 7 5* 9 5 p Rewfonndland, in 
loco dicto Lookout Mt, le^t Bayard Long 
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pekaltgeme Those several plants have more superficial resem¬ 
blances than close relationships to the present 
Staurastrum O’Mearii Arch {Part I, PI LVII, Figs 7, 7a) — L 
max 17-21 fi, 1 body 15 w max 25 Mt ^ body 15 fi Pool 
Sta 145, Lookout Mt 

Staitrastrum Ophiura Lund (PI XWVII, Figs 11, 13) —L 
47 w max 103-141 /a# w body 22-28 ju, isth 16 17 ^ Pools 
Stas 140, Lookout Mt , F 8, Grandys Brook 
This matenal lacked granules on the sANelling above the smus 
Staurastrum orbiculari' Ilalfs \ar extlnsum Nordst, f (PI 
XXXIII, Fig 9) -- L 3a-32 m, w 26-28 /a, isth 8 5-9 5 m 
P ools and wet moss Stas 140, Lookout Mt , B 6, 9, 20, 
St Johns, B 21 (frequent), 24, Whitboume 
lliough the species assignment of this matenal seems clear, it 
was not certain that it agreed with any of the named varieties In 
general, var exiensum seemed most suitable, but some ceMs were 
more like var depresstunij and there did not seem to be any clear 
segregation possible, the plants arc a little small for var exUnaum 
Staurastrum pachvrhvnchum Nordst (PI XXXIV, Iig 1) — 
L 24-36 w 24-30 fx Pools Stas 136, Pomte Riche, 119, 
Ingomcchoix Bay, 148, The Tableland 
Borge'a form (1903) has more slender arms than the matenal 
at hand, which is close to the form reported by Raciborski (1889), 
but without any inflexion of the angles 
Staurastrum paradoxum Meyen (PI XXXV, Iigs 17-18, 19^) 
L max 42 I ^dy 26 w max 38-56 p, w body 15-17 m 
P ools Stas 140, 146 (frequent), Lookout Mt , F 6, Great 
Barachois, F8, Grandys Brook 
Smith (1924a) distinguishes S gractle as liavmg intramarginal 
paired granules in vertical view, S paradoxum as lacking them, 
whereas Carter (1923) appears to admit them as occasional 
ornamentation 

Staurastrum paiiAOicuM W AG S West var longibrachUtum, 
var nov ^ (PI XXXVI, Fig 3) — Plant of moderate size, polar 
view triangular, the angles produced into solid processes, lateral 

* Stauraatrum pdagteutn var loagibrftchiatutn, var nov — Ptanta mcMiiocns, 
aspeotu poJari triangula, anguil# in braccbia eolida bifurcatil^ semlooUulm aapectu 
Ut«reR trian^U ad smum truncatm, anguhs miperioribus m brooehia sorHum 
divwgenUa btfurcata produotia, area polan laevisaime inflata ©t asperata, mar- 
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view of eeinicells truncate-tmnKular, the upper angles produced; 
the processes upwardly divergent, bifurcate, tlu polar area very 
gently inflated and roughened, lateral margins slightly curved, 
barely roughened, sinus widely open, acute L max 42 Mj 
1 body 25 /x, w max 48 /x, vv btxly 30 /x, isth 7 5^ Pool St a 
146, Txiokout Mt 

There is much about this plant to nnuml one of S pseudo- 
pelagicuniW <fe G & West, but here the slender arms, much longer 
than those m the sfiecies, are solid, and the Wests (1903) describe 
their plant as hollow-armed The granulation characteristic of 
the species is reduced and noticeable along the edges only <8 
Huberuetatum (’ooke & Wills dt>ea not have long slender arms like 
those of this material 

Staurasthum iENTA(ERiiM (Wolle) G M Smith (PI XXXVII, 
Fig 12) “-W max 95-160 ju, w body 21 24 m PooN Stas 
140, 146, I tKikout Mt 

Staurastrum POLY MORPH IT M Dc Bri'b (PI XXWII, big 4) -L 
28 Ml w 36 Ml isth 10 m Fool Sta F 9, Burgoo 
This plant greatly resembles Smith's drawing of Norwegian 
S gractle (1924a), but the writer’s plants are far too small to meet 
his si;5e requirements 

SrAIUtARTRUM POLYMORPHITM, f (PI XXXIV, l*lg 4) — L 30 Mi 
w 24 M, isth 8 5 m Pool Sta 145, Ixwkout Mt 
F xcept for size, these individuals rather suggested var ptmllum 
W West 

Staxtrastrum polytrkhium (Perty) Rabenh, f (?) (PI XXXIX, 
Fig 16) — L b(Kly 47 m» w body 39-41 m VVet moss in pools 
Stas 130, DocUirs Hill, B 6, St Johns 
The subacute sinus open, the spines 3 5 m long, in aspect thene 
plants tended toward S pilomm of Carter (1923, PI 138, Fig 3), 
but see Heimans (1926), the lateral angles from side view were 
more rounded and the apex was too curved for 8 Bnbtssomi 
trunoatum Grdnblad (1926) 

Staurasteum pROTKCTt M W & G S West, near var planctonicum 
G M Smith — L body 23 p, w max 43 Mi w body 28 m 
P ool Sta 122, Pmnte Riche 


gimbus Iftteralibua paJIulo ourvatis vtx Asperatis, mnu late aperto, aouto Ixing 
max 42 m> long onrp 25 m, lat max 48 m» lat corp 30 p lat l»th 7 5 m New¬ 
foundland in loco ebeto I^ikout Mt , legit Bayaid Long 
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Small, and relatncly tthort for hnulh’s Wisionsin \anety 
(1924a) 

Staurabirum poNfivLATOM De Br6b (PI WVV, Inj; 8) — I 
28 34 average 31 w 26-11 M; avenge 29 ju, isth 9 0 9 5 
Ditches, pools, l:K>ggy islopcH, and clifTs Stas 129, Doctors Hill, 
140, Iv4)okout Mt , 102, 103, McIverA ro\e, 1^ 6, Orent Hira- 
(hois, B 24, 28, VVhifbourne, B6, 9, ht Johns 

HtAI RASIKlfM PON( Tt LATtM ^ ftf Pl( WALUM (Dc Hr( b ) \V & D h 

West (PI XXXV, Pig 7) h 37-^8 fx, \s 23 33 fi Mohkih on 
Viet s|o[M, and pool Stas 129, liO, Doctors Hill ifrcqutnl) 
Stattrasiuim ivramioatumW West (PI XWllI, iMg 10) L 
48-51 fJL, w 40 4t /i Ditch hta B 28, Whitbourne 

Ihuse ccIIh wen di&tinctly flattened at the poles Since this 
1 ft the distinguishing feature m contrast to S muuraium the 
present name is applied, although in size tht plants, being rather 
small, seem nearer to the latter Hix?cies 
Staurastrum (itTAOKispiNATUM Tum (PI X\\\, Pig 2) — L 
max 28 42 ju, 1 body 21 24 ju, w max 35-41 ju, w body 18 19 u, 
lath 9 5 /i Pool bta 146, Lookout Mt 
These plants agree excellently in shape, but arc smallci than 
the British (C arter, 1923) ones 

SrATRABTRUM RAVtNfLLn Wood — L 34-lb A*, H 32 40 iU, islh 
9 5-U 0 At Ditch bta B 28, Whitbourne 
SrAORABtRUM RoTi IA Nonlst (PI XXXVTI, P"ig 8) -L 48 ju, 
max 80-105 pi, w body 28 ^t, isth 17 m BooI St a 140, 
Lookout Mt 

Ihc papillae of the central area are hardly truncatt in this 
material, Smith (1924a) and Wolic (1884) find theirs truncate, 
but the Wests (1896) do not 

StaorastrumSkbaldu Heinschvar OBNATLM Nordst (P) XXXIX, 
PXg 16) “ W 115ju, isth 20 jut Wet moss bta B 6, St Johns 
STAirRASTRUM ftfTiGhiRtrM C levc (Pi XXXIV, PXg 10, PI XXWII, 
Fig 7) — L max 47 1 body 41 w max 40 p, vi body 27 ja 

Pools Stas 122, Pointe Riche, F 8, Grandys Brook 
Differentiation of the spines at the cell angles ^as not very 
pronounced in this material, and the cells tv ere small 
Staurastrum siBiRicuM Borge \ar orciDEVTALE W A O b West 
(PI XXXIV, Fig 6) — L max 28 m> * body 24 ju, w (arm to 
face) 28 isth 11 m Wet moss Sta 130, Doctors Hill 
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STAtTRASTRUM Simokyi Heim — Pool Sta 149, Lookout Mt 
Staurastrum striolatuii (Naeg ) Arch (PI XXXV, Fig 6)» — L 
16-22 Pi w 18-21 p Pools Stas 140, Lookout Mt, B 26, 
Whitbourne 

STAimASTRTiM suBCRUciATUM Cookc A Wills (PI XXXVI, Fig 6, 
PI XXXIX, Fig 14) — L max 31-^5 p, I body 22 5-26 p, 
w max 35™42#*,w body25-28isth 7^p Pool Stas 119, 
Ingornechoix Bay, 122, Poiote Riche* 
llie first specimen figured has an extreme reduction of the 
narrowed arm tips They were sometimes more attenuate and 
typical In one case the dorsal spines were all cleft at right angles 
to the fiirst forking 

Staubastrom BunaRAcitUMUM WAGS West — W max 50- 
65 Pt w body 12 p, I 16 p, isth 6 6 jw Pools Stas 119, 
Ingornechoix Bay, 140, Lookout Mt 
Staurastrum bdbncdibrachxatum WAGS Weet, var (PI 
XXXV, ilg 20) L max 24 P, \ body 13 p, w max 30 m> w 
body 9 p Pool Sta F 8, Qrandys Brook 
The forms in Figures 20 and 21 seem to have little m common, 
but West (1899) admits to S breudmiufn plants with two« and 
three-angled apices, and obtuse or acute sinuses However, since 
the shape agrees far better with that of 8 oidmvdibrachiaivm, the 
present specunens are assigned to it, in spite of the difference of 
stse, whi^ would have a contrary significance 
Staurastbttm bubscabbum Nordsi, near f bcabrior W West 
(PI XXXV, Fig 1) — L 34-48 m, w 36-47 p, lath. 12-13 p 
Pod and ditch Stas. 140, L^kout Mt, B 28, Whit* 
bourne 

The spines on the material of Station ^40 wm fewer and 
coarser, mm truncate or bidentate, than those of the figute> and 
ihe cell angles were more nmnded 

STAtmasTauM TKunnitfM Balfs (PI XXXV, Fig^ 3} ^ L^ 40^7 p, 
w max^ 32-62 p, w body 28 6-43 Pf iSth 14 p Pools Stas 
122, pomte Rl^, 119, Ingornechoix Bay, 146, Lookoot Mt*, 
F 8, Grandys Brook 

STAUBAStROM tsmucBROM Ralfs (PI XXXV, Fig 12) ^ L max, 

^ 28-31 Pt 1 body S& p, vf max 22-32 p* Poolg. Btaai U6, 
St JohnBay^ 119, Ingornechoix Bay, 146> Ixfdcout Mt 
STAORAsraim xibtRACXRVif f TmodNOic Lund (Pi XXXV, Fig. 13) 
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— L max 25-30 /*, I body 10 ft, w max 24-28 w body 7 5 m 
PooIb Stas 119, Ingomechoix Bay, 140, Lookout Mt 

Stavrastrum VKSTITUM Ralfs (PI XXXVl, Fig 12) — L 24 m» 
w 60 M Pools Stas 140,146, Lookout Mt 

Euastrum Ehrenb 

Euastbuu abruptum Nordst f iimus W & G S West (PI 
XXXIX, Fig 1) — L 22-28 m, w 18-22 m, isth 4-5 m Pool 
Sta B 26, Whitbourne 

This material resembles the Wests* E denhculaium (1905) m 
their Figure 4 only, Nordstedt (1908) suggests that the type of 
the form may belong there 

Euastritm AntRNil Cushm (PI XLI, Fig 5) — Cell about twice 
as long as broad, cell ends abruptly narrowed, rounded, pro¬ 
jecting, with linear incision, aemioells nearly rectangular at the 
base, with a fidight undulation just beyond, sides with two marked 
clefts, approximately dividing the distance below the contracted 
apex into thirds, the more basal about half as deep as the other, 
aoute but widely open, the other cleft deep and acute, open 
without but nearly linear toward its apex, width greatest across 
the upper lateral lobes, less across the based angles, faces with 
three rounded conical swellings near the base of the semieells 
and projecting toward the isthmus, wall thick, coarsely to finely 
punctate, with the ponotations m irregular longitudinal rows 
near the median line, but scattered and smaller elsewhere, and 
one marked scrobxoulation in the median line Immediately above 
the suprabasal deft, polar view irregularly oval, about two thick¬ 
nesses in width, with three low swellings on each face, the edges 
of the lobes rounded or somewhat Battened, edge view of semi- 
oeils roandad-eonioal, very slightly contracted above the sinus 
and markedly contracted toward the end L 116-117 w 
5|'-60 Ml th 24 Ml Isth 13 m Fools Stas ; F 6, Great Barachois, 
F if Orandys Br^k The type locality is Rose^u<^Eue, also on 
the soutiHmi coast of Newfoundland, whence this plant was re¬ 
ported by Cushman (1904,1907) 
the orighiial description took no cogmsnnoe of lateral supra- 
dnuseiddt sweUings on the cell face, and designated the supralsth- 
mialiweUingas iatger than in the present material, the punctu- 
liaticm of ^ traU is also neiN^ 
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Euastbum ampullac bum Ralfs (PI XLII, Figs 2-3) — L 86-08 
w 52-62 jLi, isth 13 ft Pools Stas 140, 146, Lookout Mt , 
L 8, Grandys Brook 

Euastbum ansatum Ralfs (PI XL, Lig 19) —L 115 ft, w 49 ft, 
th 36 ft, isth 13 ft Pool Sta B 2b, Whitboume 
The Newfoundland plants are considerably longer and thicker 
than the Wests (1905) allow, but not dismtnilar in proportions 
or surface features Wolle^s figures (1892, PI 28, Figs 8 10, 
PI 33, Ligs 11-12) can hardly represent the same thing, but 
without surface features it is hard to be sure In marginal con¬ 
tour they look more like what is here asenbed to E didelta be¬ 
cause of distinctive surface characters Fremy (1930) shows a 
much smaller plant w ith narrow basal angles and a higher-placed 
lateral swelling 

Euastbum bidbntatum Naeg (P! XXXIX, Fig 10, PI XL, hig 
n, Pi XLI, ^ig 1) — L 43 60 ft, w 30-43 ft, isth 6 0-9 6 m 
D itches, pools, and wet slope Stas 135, Pointe Riche, 129, 
Doctors Hill, 102, Mclvers Cove, B 26, Whitboume 
Some of the matenal, which was quite variable, showed tend¬ 
encies toward rows of granules on the central protuberance in¬ 
stead of the rosette arrangements The specimen on Plate XLI, 
figure 1, shows the strong scrobioulations just above the basal 
swelling, which the Wests (1896) find marked in their somewhat 
similar E evolutum The speciinen illustrated in Plate XXXIX, 
Figure 10, is very like Boldt's E elegann Bpectosum (1888), which 
Nordstedt (1896) suggests may belong under E hidentaium It 
IS possible that the writer has had a mixed group of species under 
observation 

Euastbum binalb (Turp) Ehrenb (PI XL, Figs 1-3, 18) - L 
17-20 ju» w 14-17 6 ft, isth 4 p Pools Stas 130, Doctors 
Hdl, 146, Lookout Mt, F6, Great Barachois, F8, Grandys 
Brook, B 26, Whitboume 

There was a good deal of variation in the width of th© polar 
lobe and in the shape of the basal angle, such that forms like 
Figure 2 approach forma htana The central protuberance was 
often obscure, but could generally be confirmed (Fig 1) 

Euastbum binalk, near f hians W West (PI XXXIX, Fig 3) — 
L 21 Ml w 15 5 ft, isth 3 5 ft Pool Sta B 20, Whitboume 

Euastbum binalk var Gutwinskii Schmidle (Pi XL, Fig 4) — 



Algae of NewfoiimUarid 201 

L 2(K30 w 15-21 /A, th 13 fx Ditches and pools Stas 102, 
Mchcrs Cove, F 6, Great Barachois, B 21, 28, Whitbourne 
The basal angles of the form figured are unusually markedly 
tncrenafe 

I^UASTutTM BoI/Ptii Sohmidlc, var isTHMorHONOKi/M Grdnblad, f 
(PI XXXIK, Fig 4, PI XLIII, Fig 3) - L 23 26 jjl, ^v 18- 
21 ju Pools Stas 146, Lookout Mt , F8, Grandys Brook 
This plant appears to differ from those of Grdnblad (1921) in 
a greater prominence of the surface granults, notably those of 
the dorsal margin, in this resembling his drawings of the species, 
the granules on the species type are prominently figured and 
one or two granules are reported above the isthmus, but the 
Newfoundland plants are smaller than those of Schnudlo (1896) 
I'he Wests (18966) did not accept the species Bohitn as distinct 
from E derUiculaium (Kirchn ) Gay 
Luastupm coRNUBiENsfiJ W G S West, f (PI XL, 8) — 
L 27 30 fx, w 17-21 m, th 8 5 i»th 3 6 4 0 /a Pools Stas 
112, St John Bay, 122, Pomte Riche 
These plants on the basis of thi face view might be referred 
elsewhere, but the ctreumsonbed facial nodule differentiates them 
from forms of E inmlare and the rounded oval form in polar 
view from forms of E htnaU, which is thinner toward the margins 
Borge^s Cosmanum vc7iu«tum var (1909) is also marginally thinner 
and has more sloping aides and less of an apical notch 
Luahtkum crassum (De Br^b ) Kg - Pools Stas h 6, (ireat 
Barachois, I* 8, Grandys Brook 
In part the wall was coarsely rather than finely punctate 
Euastrvm cuAftsuM var scrobicolatum Lund (PI XL, Fig 20, 
PI XXIIl, tig 11) - L 140 150iu, w 76 79 m Pools Stas 
146, Iwookout Mt , J 8, Grandys Brook 
Euabtrum tUNKAruM Jenner, var (PI XL, l\g 21) —Specimens 
larger than usual, four or five pyrenoids to each semicell, wall 
thick, internally slightly pitted at the incrassate angles, surface 
punctulations obscure, ratio of length to breadth 2 07 1 L 
141-166 M) w 69-77 m. ^ polnr extremity 34 Mi J^th 17 m Pools 
and wet moss Stas J 6, Great Barachois, B 22, Whitbourne 
Though this form la suggestive of Allorgo's var ehngatum 
(1930), there does not seem to be enough difference in relative 
dimensions, or in absolute size, to make a separate name necessary 
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Euastrum ctJapiDAiuM Woiie (PI XLIII, Figs 1, 9) — Cell body 
small, about one third longer than broad, semicells three-lobed, 
the polar lobe obtusely cleft into slightly divergent segments, 
angular truncate, the lower and inner angles with one or two 
small spines, the upper angles each with one larger spine, inter¬ 
lobular incisions rounded subrectangular, sinus linear, slightly 
enlarged within, the basal angles rounded obtuse, the sides di¬ 
verging slightly beyond the sinus, lower lobes with one stout 
spine outwardly directed at the upper or outer angle and two or 
three smaller spines above it, also a small spinule on the basal 
angle, face with an erose elevation in the median line about two 
fifths of the distance from the isthmus to the apex, and nodules 
or small spines near the basal and polar angles L 30-34 ju, 1 
over spines 38 p, w 24 w with spines 30 isth 4 5-5 0 p 
Pool Sta F 8, Grandys Brook 
In ascnbmg this Newfoundland matenal to Wolle’s species 
(1884) the vagueness of his figure was discounted, but there is 
little doubt that the determination is correct As it is redesenbed, 
recognition of the surface characters is especially important, and 
the figures emphasize minor features of contour quite neglected 
m the earlier descriptions The type locality is Absecon, New 
Jersey 

Euastrum didelta (Turp) Ralfs (PI XLII, Figs 1, 6) — L 81- 
140 Pf w 44-80 Mf th 28-45 p, isth 10-14 p Pools and ditches 
Stas 140, Lookout Mt, B 21, 26, 28, 29, Whitboume 
Some of the material showed more pronounced lateral sinuation 
than does Figure 6, but it intergrad^ with the type of Figure 1 

Euastrum divaricatum Lund — Reported by CushmR (1907) from 
St Anthony 

Euastrum DOLiiroHME WAGS West, var (PI XXXIX, Fig 7) 

— L 44 Ml w 28 isth 7 5/* Pool Sta 112, St J<^ Bay 
The apex of the Newfoundland form was more sloping and 

the sides were more indented than in the original, and it was 
nearly smooth 

Euastrum elboans De Bi^b (PI XLIII, Fig 4) — L 28-2d 
w 17-19/1 Pools Stas tl9, Ingorni^oix Bay, 146, Look¬ 
out Mt, 148, The Tableland, F 8, Grandys Brook 

Euastrum elbqans var ornatum W West (PI XLIII, Figs 

— L 36-46 ju, w 22-24 /*, isth 4 6-4 7 /* Pools Stas 
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Jngomechoix Bay, 146, LcwAout Mt , F6, Great Barachois, 
F 8, Grandys Brook, B 26, Whitboume 
buASTRUM riSBUM W West var ambiiicanum (^ushm — Reported 
by Cushman (1907) from St Anthony 
Euasthum gbmmatum De Br^b (PI XLIII, Fig 7) — L 40 u , 
w 42 p, th 26 fjLy i8th 13 p, polar lobe 21 p, th iiolar lobe 
18 M Pools Stas B 21, 26, Whitbourne 
Euastrum giganteum (Wood) Nordst var latum, var nov “ (PI 
XLI, Figs 8, 8a) — Cell very large, over two and one*half times 
as long as broad, semicells somewhat tapenng, tnincate, pole 
flattened, the cleft deep and closed, sides of semicells gently 
convex or with a faint undulation toward the base, basal angles 
acute or barely rounded, sinus closed, three strong niunded* 
conical projections near the base directed toward the isthmus, 
edge view of scmicells slightly tapenng, somewhat turgid above 
the base, contracted below the apex, poles rounded, the marginal 
angles, lateral and central projections all visible, membrane very 
thick, punctate, the punctations in irregular rows toward the 
center, becoming scattered laterally L 220 ju, w 80 ju, w jiolos 
35-45 fXf th 66 ju, istU 28 fi Pool Sta F 6, Great Barachois 
These distinctive plants are probably near E giganteum (Wood) 
Nordst, for that plant (Wood, 1873) has, as redescribed by the 
Wests (1896), a very similar morphology, though it is relatively 
narrower and thicker Since the figures of Wood and of Wolle 
(1884) are inconclusive, and, so far as they go, different from 
the Newfoundland plants, it seems best to segregate the present 
material E hranheneef as described by Borge (1903) is a some¬ 
what similar plant, but one much smaller and with a character¬ 
istically different contour 

Euastrum humehosum Ralfs (PI XLI, Fig 9) “ L 124-160 Mi 

* Suatlrum gigafUeum var Utuin, var nov — OiUula magaa, 21-plo longior 
quam orwMlor, semioetlulia gradatim versus a|>iocm angustatis, truncatis, polo 
planatii, alto fiasuratis, fissura clausa, basi proiectionibus 8 vohdis rotundato- 
oonlcia versus isthmum direotis omatis, semicellults aspeotu aciati paulo angus- 
tatis lateHbus paulo oonvexis vel prope basim subundulatis, angulis baaallbua 
aouUs vel vix rotundatis, smu olauso, supra bastm turgidiuHculis, Infra polos 
r^tundatos oontraotls, anguhs marginalibus etiamque proiectionibus latorallbus 
et eentialibus omoibus visibilibus, membrana orassa, punctata, punotis versus 
centrum irregulariter tineanter ordmatls versus latera dlspersis Long 220 p, 
tat 80 p, Ut pol 85^5 p, crass corp 66 p, lat istb 28 p Newfoundland, m 
tooo <Ucto Great Barachois, legit J M Fogg, Jr 
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w 60“81 At, th 47 Ditches Sfca 102, Mcl\ers 

Cove, possibly also at Sta 1%, Doctors Hill 

1 he surface swellings of the upper series seem rather near the 
isthmus in Figure 9 The plant was very rare in the Newfound¬ 
land material and no comprehensive idea of it could be had 
Borge (1906) shows as f «cro6icu^a(a a fonn rather like Figure 9, 
and (1930) material In outline rather like Plate XLII, Figure 8 
Allorge^s material (1930) referred to this species is also rather 
like the present, with minor diiferenccs 

EuASTituM INERME (Ralfs) Lund (PI XL, Fig 10) — L 53“58 fXy 
w 32-40 Pt isth 8 p Pools Stas 146, Ijookout Mt , F 8, 
Grandys Brook 

Luastritm iNSiQNE Hass (PI XLII, Fig 5) — L 119-124 p, w 
58 Pf w polar lobe, 28 th 30-36 fXy isth 13 p Pools Stas 
F 6, Great Barachois, F 8, Grandys Brook 

Euastrum insignb Hass, f (PI XLIII, Fig 8) —L 112-114 py 
w 59 -61 Pt w polar lobes 28-31 isth 13 p Pools Stas 
130, Doctors Hill, B 22, Whltbournc 
This form differed from the typical material in the greater 
width of its parts and in the pitting The pitting was very coarse 
indeed, although shallow, and was general, or limited to the 
angles and midfacial area The neck was much broader than in 
the typical plant, and often broader than figured The lateral 
lobes were also higher and dorually more undulate, and the sinu¬ 
soidal maraitiate projections broader The species is known to be 
variable 

Euastrum insui^ue (Wittr) Roy (PI XXXIX, P3g 5, PI XL, 
Figs 5 ~6) — L 27-31 p, w 17-22 p, th 15 i^h 4-5 p Pools 
Staa 112, 116, St John Bay, 119, Lngomeohoix Bay, 125, 
Pomte Riche 

This m part differs from the Weste^ conception (1905) of the 
typical plant in that the polar lobe is less pronounced and the 
basal angles are more rounded (resembling their PI 40, Fig 14), 
and even more from that of Johnson (1894) which, but for the 
lack of the facial papilla, has much resemblance to what the 
writer assigns to E comtdnenset f 

Ettastrum intehmedium Cleve var vaudum WAGS West 
(PI XLII, Fig 4) “L 75-88 p, w 41-54 p, isth 6 5-7 p 
Pools Stas 146, Lookout Mt, F 8, Grandys Brook 
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Euabtrum lapponicum Schmidle (PI XL, lig 17) — L 42 ju, w 
29 M Pool Sta 146, Lookout Mt 
Schmidle's figure (1898, PI 2, Fig 29) shows a plant v^iih 
angles less acute and with tlie central \errucae nearly divided 
into four, distinctly smaller (L 36 /i, 24 /u) than the New¬ 

foundland plants These are also a little longer than the plant 
known to Gronblad (1921, 38 m) nml are without certain of the 
minor granules (particularly those iminediatcly ubo\ e tht basal 
angles), but are otherwise in good agreement 
Euabirum montanum W & G S West (PI XXXIX, Iig 2) — 
L 18-22 /*, w 15-16 5 isth 4 ju Pool Sta 130, Doctors Hill 
In the initial survey this plant (somewhat small for the desig¬ 
nated Bpocios) was not adequately distinguished from E Inmk 
Guimmkt%t from which it appears (by the Wests' figures and 
data) to differ in a relatively wider and shorter apical lobe The 
cell width ID E morUanurn is about 1 60 to 1 33 times the width 
of the polar lobe, whereas in E hinaU Gutmnskn the cexl width 
should be 1 60 times the width of the polar lobe, m addition to 
the other differences 

Euastbum OBMtxM Josh — Beporied by Cushman (1907) from St 
Anthony 

Euastbum oblonqum (Grev) Ralfa (PI XLl, Fig 7, PI XLII, 
Fig 8 (f ), 10) — L 126 149 fx, w 63-75 m, th 48 m, isth 19 /x 
Pools Stag 148, The Tableland, B 21, Whitbourne 
The specimen represented by Figure 8 approaches var depau" 
peraium WAGS West 

Euabtruu oblonqum var cbphalophorum W West — Reported 
by Cushman (1907) from Bay of Islands 
Euastbum pectikatum De Br6b var brackylobum Wittr, f 
xnajus, f nov • (PI XL, Fig 16) — Differing from the vanety 
In its greater size and in having the protuberances of the upper 
angles of the lateral lobes submargmal, the polar lobe more elon¬ 
gate, its end angularly low-roumled, broadly reluse, with angles 
submarginally protuberant L 77-84 /x, w 48-56/x,th 36-40/*, 
isth 10 m Poole Stas 135, Pointe Riche, B 26, Whitbourne 

* Eua$trum p^UmUutn var braekykhum f msjus, f nov — A variotatc 
dlffart magnitudine grandior# et «ubmarginahbuB angulorura superioruro loborum 
lateittlium protubemtiomhus, lobo polari plua elongato apjoo angulatim depre»o 
late retuso, angolta paulum proloctis Long 77^84 p, lat 48-"56 Mi wrp 

SC^Pflat lath 10 M Newfoundland, mloco dKto Whitbourne, legit lieuclJurr 
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E0ABTRUM PKCTINATUM VftT BRACHYLOBUM f tOftmtum, f IlOV ^ 

(FI XLI, Fig 4) — Diffenng from the variety in having the 
side« of the lateral lobes sloping toward the sums, the lower angles 
of the lateral lobes rostrate in the median lateral line, the pro* 
tuberanoes of the upper angles of the lateral lobes obsolete, the 
polar lobe narrower, and the interlobular angles more rounded- 
obtuse, with the angles submargmally protuberant L 70 p, 
w 52 p,yf polar lobe 22 /x, th 32 Mi i^th 12 ^ Pool Sta 135, 
Pointe Riche 

hUABTRUM PKCTINATUM var iNEVOLUTUM WAGS West (Pi XL, 
Fig 15) — L 60 /u, w 36 /x, th 29 Mi isl'h 6 5 m Pools Stas 
122,135, Pointe Riche, 119, Ingomechoix Bay, 140, Lookout Mt 
A form very close to the Wests' conception except that the 
lateral protuberances of the polar lobe are somewhat confluent 
With the crest and that in some specamens the polar lobe is de¬ 
cidedly longer m relation to breadth 
Euastrum PKCTINATUM var reductum, var nov • (FI XL, Fig 14) — 
Cells of moderate size, about one half longer than wide, semioells 
three-Iobed, the interlobular angle rounded-obtuse, sides of the 
polar lobe sloping slightly toward the sinus at the surface, but 
sloping slightly from it m the median lateral Imo, smus acute, 
closed within, surface protuberances reduced to one low, broad, 
Bupramedian swelling, polar view showing the polar lobe as 
rectangular with turgid sides, the facial swelhng as broad and 
low, the lateral lobes with three slight swdiliDgs on the ends, 

^ Swuirum p^chnaium var broe^^lotum f rOftrstustt, f nov — A varietata 
differt matgiiubus facUlibui loborum lateraUuxn ad Mnum aagustatii et angulifi 
mMoribus loborum lateralium in lineam aoiei medUm rostratls, protuberatio- 
nibtis angulorum aupenonim lobomm lateralium obsoletia, lobla polaribus an- 
gusUonbus angnlie seoiiim proiootia et anguUa intertobatia obvia rotundiuseide 
obtuaia Long 70 Mr lat 52 p, lat lob pol 22 p, eraaa oorp 83 p, lat iatb 12 p. 
Newfoundland, m looo dicto Pointe Riche, legit Bayard Long 

• SuaMrum jwiinalum var reductum, var nov — CeUulae medlootee, dl- 
mSdio kmgiorea quam laUores, aemlcellulis traobatia, angulia intedobatlB roiunde 
obtusla, Uterlbua Ibbi polana auporficialiter aenaim veraua aimun obUquatia aed 
lateraliier (in tinea media laterali) venua apicem oUiquatia, alnu Uneani extua 
dilatato, auperfieiei protuberatione una aola depreaaa, lata aupramediali. aemi- 
oetlulia aapectu polaii exhibeniibua lobum polmrem rotunda reotanguhun, protu- 
berationem iatam xh^seaiainque, et loboe lateralea aptoe gibboc^tUma 8 d^reaaia 
omatoa, xnemfarana vd fere laevl vd evidenter et dem punctata, aomatibaa 
pyrenoideia in aemioellula aingulis Long 50-70 p, Ist 85-44 p, craaa oorp 
22-28 Mf 1st iath 8 5-11 5 p. NewfoumUand, in loeo dleto Hiefae, ieflt 
Bayard Lotig 
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membrane nearly smooth to clearly and tlosely punctate, py- 
renoid single in each semicell h 50 70 /x, w 35-44 /x, th 22- 
28 Ht 18 th 8 5'11 5 /X Pools Stas 122, (type) Pomte Riche, 
148,1 he 1 ablcland 

This vanety differs from the spetioa in hnulHiioii of surface 
protuberances to the central one m the slightly different shape 
of the polar lobe and the increased punctation of the i\all of 
some individuals No intergradtng with the (ype was iibaerved 
Boldt's var lagrriale (1888) shows surf icc protuberancf« lacking 
in the present vanety, and is parfitulaily different whin viewui 
from the edge of the cell 

Kuastkum picniM B0rg var suBiii-cTANciiLAur IV At G S West, 
f (PI XL, Fig 12) — L 70 /X, w 52 p, isth 8 5 /x Pond Sta 
116, bt John Bay 

Difficult to place, this form showH much in common with the 
vanety designated, and recalls the Wheats' note (1005) upon a 
connectmg form with E htdentatum 
Fuastrcm nmvE Elfv (PI XXXIX, Pig 9) — L 58 /x, w to 
isth 17 3 /X Pool bta 146, liookout Mt 
Kuastrom pinnatum Ralfs (PI XLI, hig 2) — L 13C /x, w 72 m# 
isth 21 /X Pool Sta 146, Lookout Mt 
Euastrum pinnatum, f (PI XLI, hig 6) — ( ell largo, more than 
twice as long as broad, semiccll fivedobed, thi pvilar lobe wide 
and flattened, slightly concave on each aide of the linear polar 
cleft, ends rounded-acute, the upper interlobular mcision rounded- 
acute, the upper margins transverse, lower sloping (the widest 
region of the ceil), lower lateral lobes rounded-acute, sloping 
from the closed smua to the broad obtuse-rounded angular lower 
Interlobular incisions, surface protuberances large, rounded- 
conical, three on each face, one median directed toward the 
isthmus, two lateral, outwardly and upwardly directed, extend¬ 
ing slightly beyond the upper side of the lower lateral lobe, end 
view showing the polar lobe deeply roundeil-cleft in the mul- 
lateral line, slightly thicker toward the edge than toward the 
incision, upper lateral lobes deeply and more acutely rounded- 
cleft in the inidlateral line, lower lateral lobes not cleft, but 
somewhat rounded-acute toward the margin, the middle pro¬ 
tuberance rounded from above, the lateral protuberances (which 
would make the lower lobe appear somewhat thme-lobulate from 
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above) obscured by the upper lateral lobes, edge view sub- 
rectangular, somewhat tapenng from the base but dilated at the 
apex, membrane smooth to slightly punctate-erose at the thick¬ 
ened angles L 160 /i, w polar lo^ 63 /u, w upper lateral lobes 
77 p, w basal lobes 75 p, th 50 /a, isth 26 p Pool Sta F 8, 
Grandys Brook 

This plant differs from E ptnnaium m that the lower lateral 
lobe IS not retuse-rectangular in face view, but slopes sharply 
from the sinus, and instead of low erect swellings the lobe bears 
large oomcal projections which extend obhquely beyond the upper 
margin The absence of the two upper median swelhngs may be 
distinctive, as is also the greater relative width of the upper 
lateral lobes From E muUtlobatum Wood (1873) it is distin¬ 
guished (if his drawing is correct) by the presence of a polar 
incision and by the basal protuberances, as well as the shape of 
the lateral lobes, however, the accuracy of his observations may 
well be questioned, and he also may hav e had E pinnaium under 
observation With the chloroplasts intact, a very slight rotation 
of the ceil on the longitudinal axis would have ol^cured the polar 
cleft 

Euastrum pULcnsLLUM De Br6b vax bbtubum WAGS West, 
f (?) (PI XXXIX, Fig 6, PI XLIII, Fig 2) — L 32-34 m, w 
24-28 p Pools Sta 140, Lookout Mt 
The apical lobe is rather wider than in E pulehellum, and the 
arrangement of the granules on the central protuberance is dif¬ 
ferent, however, the variation in the material was considerable 
In spite of these features and the small sue the writer is inclined 
to consider this material related to E pulehellum^ with suggestive 
resemblances to the variety named 
EtTASxaiTM siNtjoauM Lenorm var rbdvctum W A G B West, 
f (?) (PI XL, Fig 9) — L 66 w 4(M2 p, isth 12 p Pool 

Sta 146, Lookout Mt 

'fhe Wests (1906) do not mention the presence of small scrobic- 
ulations between the swellings in their form of this plant, but 
these were quite distinct m the Newfoundland specimens 
Eoastrum suBHEXAiiOftvM WAGS West (H XL, B^g 11) — 
L 40 p, w 24 M Pool Sta 146, Lookout Mt 
Very rare and incompletely studied See Wests' paper (1898), 
p 287 
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Euasthttm TtJDDAiiBNSB Str0m var novac-terrae, var nov ® (PI 
XLl, Fig 3) —Celle very small, about one fourth longer than 
broad, semicelle three-Iobed, the polar lobe twice as large as the 
lateral lobes, with an open apical notch and small apicuh at the 
outer angles, interlobular incisions somewhat rounded, nearly 
rectangular, lateral lobes somewhat squared, slightly retuse, angu¬ 
lar at the margin, surface with nodules or apiculi midway of the 
ends of the polar lobes on each face below the outer polar angle, 
and below the upper angle of the lateral lobes, also a large round- 
incrassate and Battened protuberance near the center of each 
semicell, in polar view the lateral margins of the polar and lateral 
Jobes crenate-granulate, the midlateral protuberance prt)minent 
L 19 Ml w 16 Ml th 12 2 M over protuberance, 7 M without 
protuberance, isth 4 5 m Pool Sta F 8, Grandys Brook 
Borge (1930) describes a form of this species which, except for 
the midfacial protuberances, has vague surface details 
Euastrum Tukj^icri W West, f (PI XXXIX, Fig 8) — L 44 m, 
w 30 Ml isth 9 M Pool Sta B 26, Whitbourne 
This material differs from the Wests^ figures (1905) m having 
a coarser granulation on the central protuberance and somewhat 
fewer granules over the rest of the cell surface 
EuASTRmu VALIDITM WAGS West (PI XL, Fig 7) -- L 27 Mi 
w 20 Ml isth 3 M Pool Sta 146, Lookout Mt 
Euabtrum VBNTRIC08UM Lund (PI XLII, Fig 9, PI XLIII, Fig 
10) — L 107-173 Ml v 65-103 Mi wti' 17-21 m Pools Stas 
146, Lookout Mt, F 8, Grandys Brook 
Euastrum vj>hrucosum Ehrenb (PI XLIII, Fig 12) — L 96 Mi w 
77 Mi 17 M Pool Sta B 21, Whitbourne 
Euastrum Wollei Lagerh, var (PI XLII, Fig 7) — Cell large, 
about one half longer than wide, semicells somewhat truncate- 

* Swutrum itiddalent« var novse-terrae, var nov OUulae rolnimac 
quarta longiorce quam Utiores, BemioeUulia tnlobatU, lobo polon duplo gran* 
diori quam latsrabbua, apioe aperte emarginatls, ad angulos extorionbue apU 
euh^, vallioulia intcrlobatia aubrotundis, f«re reotani^is, lobiii lateralibus 
subreotangulis, paulum retuaia, atigulis trunoatis, auperScla utrinque prope 
apicM loborum polarium et infra angulum BUp«riorum loborum Uteralium 
noduioaa vel ^leuUta, «tjam cum rotundata mcraaeata deprossa prutuberatione 
pfOpe somioellulae ocrntnim praadita, semiooUuiia aapeotu polari exhibentibus 
ntaiigiiiss iatoralos crenate gniQulataa loborum poJanum ot lateralium ot gibbo- 
Mtatem prominontem Long 12 Mi l»t 15 Mi craw oorp 12 2 Mi lat 

ittb 4 5 m Newfoundland, tn looo dicto Orandys Brook, legit J M Fogg, Jr 
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pyramidate, with dilat^i apex, apical lobe broad, rounded, 
slightly concave on each side of the narrow apical cleft, sides 
below the apical lobe sharply contracted to a rounded inter¬ 
lobular mciHion, Rides below this inciRiun straight or slightly 
undulate to the acute ends of the lateral lobes, sinus closed 
within, becoming open latendly by reason of the curved form of 
the lower margin of the semicells, surface with two large rounded 
protuberances on the face about one third of the distance from 
the isthmus, membrane heavy, incrassate at the angles, deeply 
pitted, especially at the angles, pits in somewhat longitudinal 
rows near the upper center of each semicell, otherwise as m the 
species L 180 p, w 120 /u, w polar lobe 62 jUt w subpolar neck 
43 M) 1^*1 h 30 p Pool Sta 146, Lookout Mt 
The sinus narrowed midway and closed within, the sharp 
lateral lobes, broad polar lobe and isthmus, two facial tumors, 
and a length of one and one-half times the width arc characters 
not conjomed in the published forms of this desmid, but since 
only a few individuals were seen no special designation is given 

Tetmemorus Kalfs 

TFTMKMORrs Bkebissonu (Mcncgh ) Ralfs (PI XLIII, I^igs 16-17) 
— L 205 220 fji, w 41 43 p, wall with longitudinally elongate 
and senate punctae Pools Stas 130 Doctors Hill, F8, 
Graridys Brook, B 27, Whitboume 
Tetmbmorus Brebissonii var minimum W & G 8 West — Re¬ 
ported by Cushman (1908) from Rose-au-Rue 
Tetmemokus Brebissonii var minor De Bary (PI XLIII, Fig 16) 
— L 65 M) w 16-17 ju Pools Stas 130 Doctors Hill, 146, 
Lookout Mt , F 6, Great Barachois, F 8, Grandys Brook 
lETMEMOttus Brbbissonii vaT TimoiDUS Ralfs — Reported from 
Eose-au-Rue by Cushman (1907) 

Tetmemorus granulatus (DeBr6b) Ralfs (Pi XLIII, Fig 18) ™ 
L 240 w 28 M Pools Stas 140, Lookout Mt , F 6, Great 
Barachois, F8, Grandys Brook 

Fetmemorus granulatus var attenuatus W* West (PI XLIII, 
Fig 13) — L 160 fif w max 30 /4, w tips 17 isth 26 M 
Ditch Sta B 28, Whitboume 

Tltmemobuslaevis (Kg) Ralfs (PI XXXIX, Fig 11, PI XLIII, 
Fig 14) — L 70-120 w 18-24 p Dripping slopes, ditches, 
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and pools fetas 129 (freqiient), Doctors Hill, 145 (frequent), 
Lookout Mt , 102 (frequent), Mclvers ( o\(, I< 8, Orandys 
Brook, B 22, 24, 28, Whitbournc 

MuRASiEiiiAs C Agardh 

MicHASTFniAB AM>RiCANA (Phronb) Ilalfs (PJ XLV, iMji 5) — I 
150 fjLf w 120 fx, 18th 24 ^Li Poo) Sta 119, InKornethoiv Bay 

MiCRABTtHiAs APICULATA (Khtenb) Menegh - L 12) fx, 128 jx, 
w base polar lobe 26 fx, w apex polar lobe 37 jx, isth 21 ju 
Hills Sta 136, Eddys (Jove 

Micrastfrias aphulata, near var BHArH^pTiuA (Lund) W & 
G S West (PI XLV, Fig 6) —Cell of moderate si 7 ( , semi¬ 
cell depressed-semicircular the polar lobe os long as broatl, pro¬ 
jecting beyond the general contour, contracte<l below the apex 
but otherwise with subparallel aides, ajiex ret use, angles biinu- 
cronate, face bimammillatc near the apex, lateral lobes about 
thnoe successively divided, each lobule binmcrunati, tht lobes 
not closely proximate, but incisions much narrower than the 
lobes, surface showing two spines on each lateral sinusoidal 
margin, membrane very obscurely punctulite L HS /u, a 
136 ft, w and 1 polar lobe 42 ft Pool SI a 135, Pointe Kiche 
Since this was seen m but few individuals, no idea of its varia¬ 
tion can be given It is too large and has a too broad-baseil 
polar lobe for var mrtnremie lum , which it slightly resembles 
It differs from the true fonn of var brachyptera in having a 
shorter polar lobe, a reduced armature of spines, and more dis¬ 
sected lateral lobes 

Micra8Ti>rias apictiIaATA var fimbriata (Ralfs) Nordst (PI 
XLVIII, Fig 7) L 236 ft, w 206 ft, w shaft polar lobe 38 ft, 
end 46 25 ft Pool Sta 119, Ingornechoix Bay 

The Newfoundland specimens show somewhat shorter spines 
and a more projecting polar lobe than is usual The width of the 
polar lobe difforentiatcs this plant from Af paptlltfera \ ar glabra 
Nordst , which it slightly resembles 

MlcRABTEiRtAS ARCUATA Bailey (PI XLIV, Fig 6) — I 93-102 w 
94-103 ft, isth 12 M Pool Sta I 8 (frequent), Grandys Brook 
This very interesting species was reported by Taylor and Fogg 
(1927) Although there is considerable vanation, the sixe range 
was not great, and all the material should be aiwociated with the 
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original species of Bailey (1851) and not with var groahe Turner 
(1893), which is nearly 50 per cent broader than long and has 
more slender lobes The average width of several Newfound¬ 
land specimens was 95 /i, except one individual which reached 
103 ju, and the average length was 97 p It should be noted that 
the arms do not taper gradually throughout, but though slender 
are obtusely rounded and distinctly aculeate See also the notes 
on M expansa 

MicRASTioRjAa coNFKRTA Lund (PI XLVI, Fig 3) — L 100-122 p, 
w 96-107 Ml wth 15-17 p Pools Stas 146 (frequent), Look¬ 
out Mt , B 28, Whitbourne 

MicKASTKaiAS coNFERTA var NOVAE-TERRAE Cushiuan (PI XLV, 
Jig 3, PI XLVIII,Fig 1) — L 113-15096-113 m,w polar 
lobe apex 35-47 Mi base 16-21 p Pools Stas 145 (frequent), 
Lookout Mt , F 6, Great Barachois, F 8, Grandys Brook 
The association of Cushman^s variety (1904) with 3/ conferia 
IS not convincing to the present author The form resembles 
rather Wolle’s M spectosa (1^96), differing in a marked broad¬ 
ening of the polar lobe and increased breadth of the lateral lobe 
segments l^o specimen illustrated on Plate XLVIII does not 
quite reach Cushman’s type in the width of the end of the polar 
lobe and has a somewhat narrower sinus, but agrees otherwise, 
and many plants agreed in all respects The wall was granulate 
in most specimens, but perhaps this was not normal, on quite 
smooth individuals a few spines appear near the lateral margins 
of the polar lobe and the adjacent lateral lobes 
A very curious feature of the material from Station 145 was 
the fact that the cells were m part heavily coated with a brownish 
granulate crust, supposedly an iron compound This also oc¬ 
curred on some of the material of M coriferta, M fdUacoaf and 
M radtosa At Station 145 the cells were sometimes deformed 
by the distortion of the spines, obliteration of surface eharacters, 
and reduction of marginal inoisione This malfomation appeared 
to affect certain species in a sample only, leaving most of the 
plants in good condition The appearance was close to that 
figured (M paptUtfera verrucosa) by Schmidle (1890) 

MiOrasterus DENTictiLATA Ds Br4b — Reported by Cushman 
(1907) from Bay of Islands 

M 1 CKA 6 TEBIAS sxFAifSA Bailey (PI XLIV, Fig 4, Pi XLVII, 
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Pig 1) — L 56^105 w 47”103 'sth 9-13 jjl Pools Stas 
140, 146, Lookout Mt , F6 (frequent), Great Barachois, F8 
(frequent), Qrandye Brook 

A very interesting alga reported by Taylor and Jogg (1927) 
The sise range was very marked, but individuals over HO ju long 
were scarce The average length was 73 5width 70 4 isthmus 
11 JU In the larger individuals a slight resemblance to M arcuala 
occurs, but the present species has the basal lobes somewhat in¬ 
flated below, and stnctly divergent, with the upper sides straight 
rather than upcurved, the polar lobe is also relatively narrower 
at the apex It m to be noted that the ends of the anns are 
rounded and aculeate, for m Baileypaper (1851) they are 
simply described as acute, m oharactenstic mdiiiduals the apical 
depression in the polar lobe is seen to be distinctly roughened 
The polar lobes in one individual were tnradiate Borge (1918) 
follows Nordstedt in assigning his plants t^ M arcuata as a 
variety, but this does not appeal to the present i^ntcr as an ade¬ 
quate recognition of the differences between the types Bt)rge^s 
Brasilian specimens were smaller and somewhat simpler in con¬ 
tour than the northern individuals, and several variants not 
represented in Newfoundland are distinguished 
MicRJtsTKRiAS FOUACBA Bailey (PI XLIV, Fig 3) — L 65^9 m, 
w 86 JU Pools Stas 140, 146, Lookout Mt 
According to IXmat (1931), this plant appears to have a rela¬ 
tively southern (and especially south Asian) distribution, so that 
this record is a rather isolated one 
Micbasterias Jknnbri Ralfs, near var simplbx W West (PI 
XLIV, Fig 2, PI XLV,Fig 4) — L 160-170 m, w 109-117 ju, 
isth 19-'22 /I Pools and ditch Stas F6, Great Barachois, 
F 8, Grandya Brook, B 28, Whitboume 
These specimens differ from the vanety m their slightly greater 
sise and more deeply retuse lateral lob^, but Grdnblad records 
deeper indentations in this plant than do the Wests* 
MiduSTBRiAS JoHNSONH WAGS West var bipapiUtta, var 
nov (PI XLVIII, Fig 6) — Similar to the species, but differing 

*• M%ef^<uieria9jchn$onnyM MpaRttlata, var nov — Fonnaetypicao simtlia 
sad varietas differt spinis termiiudibus brcvlonbus m lobo« lat4j:al^ ot defeetu 
qplaarum in lobonim superfioiebus, pn^ectionibUB 2 eubaoideatis mamlUatia 
UtriaquA vorsus apioem lobl terminidis, et magnltudine minora lx>ng 250 n, 
lat 240 M Nowfouttiand, in loco dicto Lookout Mt, legit Bayard Long 
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in having shorter terminal epinoa on the lateral Jobes* no spines 
on the margins of the lobe faces, in having two mammillatc- 
subaculeate projections on each side of the terminal lobe near 
the top, and in being slightly smaller L 250 /i, w 240 p Pool 
Sta 140, Lookout Mt 

MicRASTvaiAB 08 CITAN 8 Halfs (PI XLIV, Fig 7, PI XLVI11, 
lig H) — L 150/1, w 145-148/i,th 60/i Pools Stas FO, 
Great Barachois, }f 8, Graridya Brook 
The Wests (1905) mention observations to the effect that 
Ameman representativts are wider than British, these plants 
confirm their statement 

MiciiASTt RiAs PAPiLLiFEUA Dc Brt^b (PI XLVI, Fig 4) — L 
150 /i, w 141 /i, isth 21 fx Pools Stas 146, Lookout Mt , 
B 21, Whitbourne 

The spines bonlenng the incisions were very pronounced m 
at least part of the material On the lower half of the specimen 
illustrated the marginal spines were twinned at right angles to 
the frontal plane 

MirRASURUS PAPILLIFERA, f (PI XLVI, Fig 2) — L 150 Pf w 
135 fjLf isth 18 fi Pool Sta F 8, Qrandys Brook 
Reduced facial spines and a close approximation of the lateral 
lobes, with a rather broad and rounded polar lobe, make this 
form uncertain of assignment 

Ml( RA81KRIA8 PAPILLirERA VaT GLABRA Nordst , f (PI XLVI, 
Pig 1) — L 160 /i, w 130 fjL Pool Sta 146, Lookout 
Mt 

Mickabtkrias piNNATiFioA (Kg) Ralfs (PI XLIV, Fig 6) — L 
65 w 67 /X Pools, nils, and wet rocks Stas 119, Ingome- 
choix Bay, 122,135, Polnte Riche, 140, Lookout Mt 

Micrastfrias RAOiATA Hass (PI XLV, Fig 1) — L 197 /*» I polar 
axis 132 /X, w 170 fif w base polar lobe 23 /x, isth 19 fi Pool 
Sta 140, lAiokout Mt 

Micrabtgriab rabuta Hass var OfuciLUiu Q M Smith (PI 
XLIV, Fig 1) — L 177-190 /x, w 160-170 /x, wth 15 /x Pool 
Sta 146, Lookout Mt 

Micrasterias RAoroflA Ralfs, f (PI XLVIII, Fig 6) — L 173 p, 
w 165 M In wet moss Sta B 6, St Johns 
Somewhat anomalous in its short polar lobe, so that it suggests 
M paptlhfera glabra^ this material because of its well-separated 
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lateral lobes and resemblance to Smith's figure (1921, p 46) is 
tentatively associated with Af radtosa 

MirUASTBRlAS RADIOBA VRf OHNATA Nordst (PI XLVIII, >Ig 4) 
— L 210 ju, w 201 w base of polar lobe, 22 /i, top ^ 
Pools Stas 148, The Tableland, B 21, WhitUmmc 

MirRASTFRrAB RADIOSA \ar ORNATA f 1< LBOANTIOU (t S West 

(PI XLV, Pig 2, PI XLVIII, Fig 3) - L 194 ju, w 194 fi 
Pool Sta 140, Lookout Mt 

There was a tendency toward suppression of the facial spines 
m this material, and the marginal nculei were often absent 

Micrastfriab 8 PECI 08 A Wolle, f (PI XLVIII, Fig 2) ~ L 114 
w 116 isth 10 M Pools Stas I 6, Great Baraehois, t 8 
Grandys Brook 

Accordmg to Wolle's figures (1802) there is considerabli varia¬ 
tion in the length of the polar lobe The w riter's material approxi¬ 
mates the shorter habit, the angle formed by the lower sides of 
the expanded polar lobe is more acute in the Newfoundland 
material 

Mickasteuias Thomasiana Archer, var (PI XIA, Iig 7) —C ell 
large, somewhat longer than broad, polar lobe hardly one fifth 
longer than breadth at apex, sides slightly concave from rounded 
apical angles, end concave with an abrupt rounded median cleft 
and two slight swellings on each face, lateral lobes cleft four 
times successively, the ultimate lobes reluse, angles rounded or 
barely acute, face of semiccll near isthmus beanng three largo 
projections directed toward the isthmus, the lateral mammillate, 
the central three-lobed, the middle lobe broadly truncate, wall 
thin, minutely punctulate L 226 w 188 I polar lobe 73 /u, 
w 65 /Lt, base 30 ji, isth 26 ju Pool bta F 6, Groat Barachois 
This differs from M Thomastana in the reduced elaboration of 
the cell, especially of the basal projections, and the angle at which 
the projections are presented The Wests (1905) describe a 
greatly simplified form with basal projections almost ehminated, 
but in the present plant these differ m sise and position from the 
form of the Wests* 

Miciiasteriab trungc laris Wolle (PI XLV, Fig 8 ) —L 215 Mi 
w 178 Ml w polar lobe apex 113 /*, base 76 ju, 1 lobe 38 p, isth 
30 Pool Sta F 6, Great Barachois 
Tbifi material is not much larger than that of Wolie's citation 
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(1884), and since the contours seem about intermediate between 
his two figures, his name is tentatively adopted for the New¬ 
foundland planta 

Micbasterias truncata (Oorda) De Br^b (PI XLVI, Fig 6) — 
L 101-110 w 95-108 islb 18-21 ^ Pools Stas 130, 
Doctors Hill, 146, Ijookout Mt, F6, Great Baraohois, F8, 
Grandys Brook, B 22, 28 (common) Whitbourne 
Variable, but since G 8 West (1899) has treated this varia¬ 
bility at length no special figures are given Associated but never 
intei^ading with the following variety 
MiORASTtCRiAS TRUNCATA var tUTglda, var nov “ (PI XLVI, Figs 
6-8, PI XLVI I, Figs 2-3) —Cells very slightly longer than 
broad, polar lobe broad, in length occupying about two fifths of 
the length of the senucell, with a curved dorsal margin bearing one 
or two strong spines near the lateral angles, lateral lobes simpler 
than usual m this species, once narrowly and shallowly cleft, 
with single strong spines at the angles, polar incisions and Isth- 
mial sinus nearly closed, polar view diamond-shaped, thick and 
rounded at the center, tapering directly to the acute margins, 
the ratio of thickness to width about 4 7, in edge view the 
semicells subcircular, centrally somewhat Inflated L 60-72 
w 62-79 Mt th 42 Mj 11^15 p Pools Stas 146, Look¬ 
out Mt, F 6, Great Baraohois, F8, Grandys Brook, B 26, 27, 
28 (very abundant, the type station), Whitbourne ” 

Sfonpyi^ium De Br6b 

SroNDYLoaiuM PLANUM (Wolle) WAGS West (PI XLIX, Fig 7) 
— L 9 6-16 Mt w 115-17 m Pools and stream Stas 116, 
St John Bay, l40, Lookout Mt , B 24, Whitbourne 

AfteroMeruu truncata var turgid«f var nov — CoUulaei vix longiorefl quam 
lation^fl, lobo polan Uto, longftudme minus quam ienueettulae dlmioio, margtne 
domali Bpinis 1 vel 2 validi« prope angidoe Utertles praoditc, lobUi lateraUbua 
quam in forma Bpeciel typiea limplloioribus, anguate paruttique bifidta, spinis 
siogulia vaiidis in angoUs praeditia, inoUionibui pedanbua et ainu istfanuaco 
fere oUuaU, celhUa aapootu polari r^mbea, eentro moraasata rotundata, a linea 
recta ad marginee aoutaa obUquata, oraasitudine plus quam latitudinia ^rnkUo, 
semiofthiba aapeotu aaiaU auborbiottlaHbua latambter ad medium aiUunflatta 
Long 60'72 M/ lat 62-72 Mt enuu com 42 Mt lat iatb 11-15 m Newfoimdland, 
in loco dioto Whitbourne, logit Belle Burr 

** The writer ia greatly indebted to Dr Rolf Qrhnblad for advice regar<fing 
the diapoaitlon ol tbia mateirial 
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The fiinua was less open in the material from St John Bay 
than in that from the other stations 
SroNorLoamw ptrujHHCM (Bail) Arch (PI XLIX, Bir 8 ) ™ Cells 
moderately lar^e, in compressed filaments, seiniccllH broadly 
oval, the polar area shghtly elevated and flat, the lateral angles 
obliquely truncate on the upper side, the sinus deep, slightly 
open but acute within, from polar view the cells expanded on 
each side of the central region, the expanded portion broadest at 
the middle, shghtly truncate on the distal lateral faces, rounded 
at the extremities, from edge \iew the semicells asymmetrically 
oval, more convex toward the acute open isthmus, more com¬ 
pressed toward the pole, membrane thin, minutely punctulate 
L 40 Ml V 86 Ml w at poles 22 Mi th , 12 m» th lateral lobes 28 m 
P ools Stas 112, St John Bay, 140 (frequent), Ixiokout Mt 

Though no question arises as to the species to which these 
plants should be referred, the vanetal assignment is not so easy 
If WoUe^a var xjijktium is identical with the type, this plant 
differs only in a somewhat more median position of the greattsi 
thickness of the lateral lobes, compared with Smith's figures 
(1924) the Newfoundland plants have wider and lower polar 
elevations and in polar view approach more closely to Borge's 
var braetlienee (1918), the chief difference being that his plants 
show a sinus even more linear within 

Sphaerososma Corda 

Sphaerososma Aubebtiana W West (PI XL1\, Fig 9) — C ells 
small, forming long, compressed filaments, approximated at the 
poles and showing clasping projections close to the median line, 
semicells depressed-oval, the top faintly produced and flattened, 
with two small projections obliquely placed on opposite faces, 
the later angles of the semiceils slightly depressed, sinus open, 
acutely rounded within, membrane showing two incurved rows 
of distinct plugged pores, the rows r^;uiar and pores well spaced 
L 21-23 Ml w 2a^2 Mi ieth 7-^ M Pool Sta B 21, Whit- 
boume 

The distinctions between this material, 8 Auberttana Arcken 
(Qutw) W A Q S West and 8 vertebratum punetukUum, seem 
difficult to inchoate According to Carter (1923), the latter plant 
has several rows of granules, as illustrated, Orfinblad (1920, 
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1921) jUustratea forms with two rows Carter emphasises the 
relative length in establishing the distinction^ which by the mean 
of her measurements is 1 1 27 for S verttbratum punctukUum 
and 1 1 5 for 5 Auherttam Arckerty whereas Smith (1924) gives 
data for a ratio of 1 1 73 in his plants The Carter illustrations 
hardly agree with the text, for the ratio as taken from them is 
close to 1 1, approaching in but one case to 1 16 The present 
material shows a ratio of 1 1 36, perhaps nearer to S veriebratum 
punctulalumy but the large and clear pores m two well-spaced rows 
and the greater cell size induce the writer to retain the material 
m S Aubertiam, particularly in view of the largo size of Smithes 
plants and GrOnblad’s discard of var Archert (1931) 
SpHABJiOZOSMA EXCAVATUM Ralfs — Reported by Cushman (1907) 
from St Anthony 

Sphaerozosma oranulatum Roy & Biss , var — Colls very small, 
forming long, compressed filaments, approximated at the poles, 
the clasping projections not evident, semicells obconical, rounded 
at the lateral angles, the smus open and rounded, membrane 
bearing granules near the angles and on the margin, about six in 
evidence on each side of each semicell L 15 ju, w 11-13 /i, 
isth 5^ p Pool Sta B 21, Whitboume 
This plant differs considerably in size and in the more open 
smus from those of Carter's figures and data (1923, 1 8-9 
w 8-10 Pf isth 4-5 m) 

Desmioium C Agardh 

Desmidium aequale W & G S West (PI XXXIV, Fig 13) — 
L 20-22 fit w 30-35 iU, th 28-30 fx Pools Stas 146, Lookout 
Mt, F 6, Great Barachois 

This material was not readily distinguishable from D quadrtUum 
in size, since both exceeded the specifications of the West« (1896) 
The extreme forms are segregated under the two names 
Dmmmvu Aptooonum De Br6b var acutius Nordst (PI XLIX, 
Fig 2) — L 22 w 40 M Pools and nils Stas 140, 146, 
Lookout Mt (frequent), F6, Great Barachois, F8, Qrandys 
Brook, B 21, Whitboume 

DBSMmiUM Aptogonum var ovale, var nov ” (PI XLIX, Fig 3) — 

“ Oemidium Aptogonum var ovals, var nov — CoUulae fiUmonta longa 
formantSs, oomprossU, a latore visas transverse subreotanguloe, area polan (inter 
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Cells fomang long filaments, individual cells compressed, trans¬ 
versely subrectangular in ‘nde view, the pol^r area concave be¬ 
tween the two truncate attaching amis, sinus broadly open, 
acute, polar view oval, the sides somewhat comprebsed, convex 
to nearly flat, attaching arms broadly pyriform m polar view, 
cell membrane punctulate toward the poles L 18-21 w 31 
34 )ii, th \7 fx Pools 8tas 112, St John Bay, 119, Ingomo- 
ehoix Bay, 148, The 1 ableland 
This plant is obviously to be compared with D Aplogonum 
Ehrenbergtt As Delponfe (1873), the Wests (1890), and Carter 
(1923, PI 164, Fig 5, poRsibl> not Fig 4) illustrate that plant, 
the sides are markedly concave in polar view, and the proportions 
in side view differ from those of the Newfoundland individuals 
Borge (1907) described a D Apiogonum f which closely resem¬ 
bles this, though it 18 perhaps smaller 
Dksmidutm BA1L1.YI (Ralfs) Nordst (PI KIIX, Fig 1) — I 28 ju, 
w 28 /u Pools Stas 146, Ixiokout Mt , 6 (frequent), 

Great Barachois 

Dbi^midium coarctatum Nordst - Ecporlcd by ( ushman (1907) 
from St Anthony 

Desmidilm GRACiLrrEPS (Nordst) Lagerh , f - L 32 38 /Ui vv 
56 /i, w apex 29 25 th 40 m Pool F 6, Great Barachois 
The cells of this material have a broad apex, and therefore 
present an aspect quite different from those of the next form 
The difference is suggestive of a transition to D Gremlin The 
ratio of length to breadth is about 0 65 1 0 
Desmioium gracilickps f MAJCs Lagerh (PI XXXIV, Fig 15) 

L 42-44 Ml w 50-66 Mi w apex 17-20 Mi th 38-40 m Pool 
Sta 140, Lookout Mt 

The type material came from Massachusetts, this material is 
close to Lagerheim's dimensions and figure (1896) The ratio of 
length to breadth is about 0 S3 to 1 0 
Desmipjum Grkviuii (Kg) De Bary (PI XXXIV, lig 11, PI 
XLIX, Figa 4-6) L 22 -26 m, w 60-63 m, th 40 m Pools 

bracchia) 2 truncata oohaercntia, concava, sinu late aperto, oellulac aspwtu 
poiaii latcribuB auboompressts, oonvexm vel fere pUnb, bracchne cohaerontibu* 
late pyrifonnibiw, membrana versus polos punotulata Long 1H~21 m 31 
34 M, cra» oorp 17 m Newfoundland, in loco dioto Tngornechoix Bay, legit 
Bay^ Long 
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Stas F 6, Great Barachois, 140 (major element), 140, Look¬ 
out Mt 

The figures of Plate XLIX show exceptionally long cells, the 
ratio being about 0 5 to 1 0 The filaments were much wider 
than those of the Wisconsin representatives (Smith, 1924) The 
material at Station 140 was generally of shorter cells, with the 
ratio of length to breadth 0 38 to 10 According to Borge (1925, 
PI 6, Figs IS'-IS) relatively long cells occur m this species 
Debuidium quapratum Nordst (PI XLIX, Fig 6) — L 19^22 jx, 
w 28”29 fi, th 22-"24 p Pools Stas 146, Lookout Mt, F8, 
Grandya Brook 

Desmidium quabratum var doliifonne, var nov“ (PI XXXIV, 
Fig 14) — Cells forming long filaments, mdividual cells tapered- 
cylindncal, about one half longer than broad, with a slight con¬ 
striction at the isthmus, the sides punctulate except near poles 
and isthmus, cells in cross-section slightly oval, with ratio of 
diameters about 8 to 10, aspect from the narrower view cylindn- 
oal, with a very faint constriction at the isthmus L 28-^2 jx, 
w 24 /X, w cell apex 14 jx, th 21 leth 21 ju Pools Stas 
146, Lookout Mt, F 8, Grandys Brook 
This material shows longer cells than does typical D ^txodrafum, 
and is more common than the typical form in these samples 
Desmioium SwABTWi Ag (PI XXXIV, Fig 12) -L 21/u, w 40- 
42 /X Pool Sta 140, Lookout Mt 
The cells have a shallowly depressed apex like those of the 
Bntish (Carter, 1923) form, rather than a plane one, as reported 
for WiBconsm (Smith, 1924) This is not readily observed, but 
IS clear enough In empty filaments destitute of sheath 

Bambusina KUta 

Bahbusina Borreki (Ralfs) Cleve (PI XXXIV, Fig 16 [mamillate 
form], PI XLIX, Fig 11) —L 26-30 jx, w median swelling 
22-26 w poles 14-17 p Pools Stas 140, 146, 146 (major 

Demtdium quadraium var doUifonae, var nov — Cellulas oohaerentos 
fUamvnta lotiga formantcs, oompreMas, cyllndrlcae, a latere latiore viaae dimldio 
longloree X{uam latae pn>pe isthmum paulo oonatriotas, latenbus (isthmo polls 
exoeptia) punetulatls, celluHs aspectu polarl late ovatie axium ratlone 8 10, 
oelluUt a latere filamenti angustiore viftlfl cyUndncU, ad iathmtim vix oonstrietis. 
Ixtng 28-82 fit tat 24 >(, lat pol 14 g, crass* 21 jt, lat istb 21 fi Newfound¬ 
land, m looo dieto Lookout Mt, legit Bayard Long 
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item)| Ivookout Mt, 148, The Tableland, 1* 6, Great Barachois 
F 8, Grandys Brook 

Bambusina Bokrkri var attenuata, var nov (PI XLIX, Fig 13) 
— Cells slender, in long oyhndHcal filaments, indi\idnal cells 
oylmdncal, slightly inflated near the isthmus, which is feebly 
constncted, poles truncate-rounded, distal portion of each senu- 
oeil faintly longitudinally stnate L 56-65 w metlian swelling 
10 5 ju, w poles 7 0 m PooJ 8 ta F 8 (frequent), Grandys 
Brook 

Bambubina Borrbri var oracilrscrnb Nordst (PI XLVIII, kig 
10) — Pools Stas 146, Lookout Mt , F 8, Gramiys Brook 

Hyalothbca Lhrenb 

Hyalotheca DissiUENs (Sm ) De Br6b (Part I, PI XLVII, Fig 16) 
— W c 20 M Pools, ditches, and nvulets Stas 146, Lookout 
Mt, 148, The Tableland, F8, Grandys Brook, B 2C, 21, 26, 
28, Whltlijume 

Hyaix)Thhica dissiubnb, var (PI XLIX, Fig 15) Ditches and 
pools Stas 102, Mclvers Cove, 130, Lookout Mt 
The vonety was not sharply distinguishable in most of the 
material The cells were generally diffusely punctate toward the 
ends, and at times very markedly so, the isthmial region is quite 
smooth Qrdnblad (1921) recogmses punctae (pores) m this 
species 

Hyaw>thbca wssiLiENB var HiANsWolle, f (PI XLIX, Fig 16) — 
Cells of moderate sise, forming long subcylmdncal filaments, 
individual colls barrel-shaped, clearly but obtusely indented at 
the isthmial ring, moderately contracted toward the ends, at 
isthmus slightly oval, wall at the longest radii slightly denticu¬ 
late, emphasising the bilateral symmetry, membrane clearly 
porose from the crest near the isthmus, becoming somewhat more 
^rse toward the poles, chromatophore stellate, pyrenoid usually 
single L 17-19 6 26-38 m Pools and ditches Stas 102, 

Mclvers Cove, B 20, St Johns, B 21, Whitboume 

»* BamMufmi Borrm var attsauata, var nov — Cellulao tenues, filamenta 
longa formantes, eyfindHcae propo isthmom debiliter constnetum paulo inflatae, 
ad eentrum depreoala marf^ rotundatw, aemieellularum partibus apicali 
bua l(m|0tudmaUter ttriatii Long 55-65 lat max. 10 6 lat pot 7 0 m 
K awfoundland, in loco dioto Grandys Brook, legit J M Fogg, Jr 



222 


Wm Randolph Taylor 

Th^ lesser mdentation at the center and at the ends of the 
cells, with a somewhat greater width, distinguishes this form from 
the typical var htans Skuja (1930) figures a somewhat similar 
form of // dtttstliens with cells much narrower than those of the 
vanety at hand 

Hyalotheca iaevicincta, sp nov ** (Pi XIIX, B ig 17) — Cells in 
long cylindrical filaments, individual cells subcylmdncal, slightly 
swollen toward the ends but the central area with parallel sides, 
swollen ends relatively coarsely punctate, poles truncate, angles 
markedly rounded, chromatophore axial with radial plates, one 
or two pyrcnoids to each cell L 18 30 //, generally 20-25 /i, 
w central zone 12-17 m, w end zones 13-19 p Pools Stas 
146, Lookout Mt, F 8, Grandys Brook (type) 

Hyalotheca MurosA (Dillw ) Ehrenb (Part I, PI XLVII, tig 17) 
— L 21-26 ft, w 19 ft Pools Stas 146, Lookout Mt, B 21, 
Whitbourne 

Hyalothlca neolecta Racib var major, var nov(PI XLIX, 
L ig 14) — Cells of moderate size, fonning long cylindrical fila¬ 
ments, cells subcyimdncai, slightly broader near the poles and 
isthmus, which is gently constricted, ends plane, angles barely 
rounded, membrane finely punctulate, chromatophore broad, 
flat, with two pyrcnoids L 24-63 m, w widest part, 13 2-17 ft, 
near pole, 113-16 ft Pools Stas 146, Lookout Mt (type), 
F 6, Great Barachois 

The shape aa figured by Carter (1923) is not in good agreement 
with that of the Newfoundland material, but the figures of Gron- 
blad (1921) agree very well The cell size given by Carter for 
the species is much shorter than that of the Newfoundland ma¬ 
terial, although the extremes overlap, and the same thing is true 

Hyalothscd Uevidnets, ep nov — Cdlulae filament a louga formantes, 
mihcylindnctkc apicibus growfo punetaibt wibinflatae sed parte media latenbus 
btricte parallelut laevibUB, polia truncate, angulls mtundatia, ohmmatoph<»ro 
axiah laminiH radiatiB pra^to, Homatibus pyrenoidem t vel 2 m cellula singula. 
Long 18-30 >4, »aepe 20-26 fi, lat partio med 12-17 fi, lat max 13-19 fi 
Newfoundland, in k>c<> dicto Gntndya Brook, legit J M Fogg, Jr 

Hyalolhcca neglecta var major, var nov - Cellulae medioorea quam eao 
formaa typicae valde maJoreo, filaments longs formantes, subeyUndneae prope 
aptceB et isthmum vu oonatnotum paulo infiatae, poha planis, cum angulU 
marginalibun flubrotimdatiM, membrana mmute punctulata L^g 24''53 Mi 
lat max 13 3-17 0 m» lat pol 11 3-16 0 M New foundland, m loco dicto Lookout 
Mt, legit Bayard Ixjng 
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of Grdublad'a material, in which the diameter is shj^hlly less than 
that of the Newfoundland plants (1 33 37 110 12 /x, w 

apex 10 6“11 5 pi) 

HvALomKCA NEOiiECTA, f (^) (Part I, PI XLMI, Ing 15) ella 
of small size, forming long cyhndncai filaments, cells subcylimln- 
cal, barely larger toward the poles and isthmus, ^vh)ch is faintly 
confltncted, ends plane or concave, aiigk s slightly rounded, imm- 
brane faintly punttulate L 28-38 ju, w 17-18 5 ju Pool hta 
140, Lookout Mt 

The chromatophores were single in the cell, indented at the 
isthmus, with two pyrenoids the centers of which are often 
doubled, the general form of the thromatophore appeared to be 
flat Wolle’s figures (1892) on Plate 1, Figures 39 21, suggest 
this material, but he ascribes them to Barnhumia liorun (s sya 
B Brelnssomt) as a juvenile stage, which is hardly pkusibli ^ It 
IS probably a phase of the preceding variety 

HETEROKONTAE 

Bothyococous Bbaitnii Kg —Pools Stas UO, St John Bay, 
119, Itigornecholx Bay, 145 (major item), 146, liookout , 
148, The Tableland, F 6 , Great Barachois, F 8, Orandys Brook, 
F 9, Burgee, B 26, Whitboume 

Ophiocvtium ARBUSCULA Kabenh — Pool Sta B 2b, W hitbourne 

Ophiocvtiom CAPITATT7M Wolle — Pool Sta B 26 , Whit bourne 

Ophiocytium cocHntARF A Br — Wet thicket Sta 103, Mclvirs 
Cove 

Ophiocytium majus Naeg — Wet tlucket and iiool Stas 103, 
Mclvers Cove, B 26, Whitboume 

Ophiocytium pauvulum (Perty) A Br — Pool Sta B 26, Whit¬ 
boume 

Tribonkma BOMBTciNUM Derb & Sol — Pools and wet ledges 
Stas F 4,6, Great Barachois, F 8, Grandys Brook, F 9, Burgeo 

Tribonkma bombycinum var tenuis Hazen - Pools Stas F 9, 
Burgeo, B 14 (major item), St Johns 

Tribonkma MINU8 (Klebs) Hazen —Wet thicket Sta 103, Mclvers 

Cove 

Tribonkma spp — Stas 102, diam 7 /x, cells 5-8 /w long, Mclvers 
Cove, 146, Lookout Mt, cells 13 m diam, 16 25 m long, walls 
thick, many chromatophores, suggesting T obsokium West, 101, 
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Humbennouth, cells 85 p diam, 10-13 jli long The general 
preservation of the material did not favor determinations in this 
genus, and smce it was not Oonsticaily prominent, it was generally 
neglected 

RUOLFNOPJIVCRAE 

Abacus pwsueonkctks (0 F Muller) Dujard — Ditches and wet 
thicket Stas 102, 103, Mclvers Cove 

CHRYSOPHYCEAE 

Dinobryon sEBTiTLARrA Ehrenb — Pool 8ta B 26, Whitboume 
DmoBRYON soctALK Ehrenb —Pool Stas 145 (frequent), 146, 
Lookout Mt 

Dinobryon stipitatps Stein — Pool Sta 146, Lookout Mt 
Hydrurus poetidus (Vilm) Kirchn — Streams Stas 128, 131, 
132, Doctors Hill (major item) 

DINOPHYCEAE 

Ceratium cprvirostrb Huitf-Kaas — Pools Stas 119, Ingome- 
choix Bay, 140, Lookout Mt, F 8, Qrandys Brook 
Pbridinium bp Pool — Sta 140 (frequent), Lookout Mt 

UNrvKBSrrr or MicaiOAiir 


INDEX OF GENERA 

(This mdex iaoludes the genera listed m Part I in the preoeding volume) 


Anabaena 19 231 
AnkistrodeBmus 19 285 
Aphanocapsa 19 228 
Aphanotheoe 19 228 
Aithrodesmus 19 272 
Asterooooeus 19 233 
BambuMoa 20 220 
Botryoooccus 20 223 
Bulboohaete 19 237 
Calothrix 19 232 
Ceratium 20 224 
Chaeioaphaaridium 19 287 
Chamaedphoa 19 2fK) 
Oharaeium 19 234 
Chlorella 19 234 


Cbrooooeeus 19 228 
Cladophora 19 287 
Qosterfum 19 242 
CoelastruDi 19 235 
Ooelofpbsenum 19 229 
Cotoocbaets 19 237 
Coimarium 19 250 
Crucigenia 19 235 
CylindroeystU 19 289 
C^indro^ermum 19 281 
Daetylooocoopsis 10 229 
Dean^um 20 218 
OiohoOirix 19 282 
Dietyosphaedum 19 283 
Dmobiyon 20 224 
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Dofiidium 19 248 
Draparoaldia 19 236 
Eremoflphaera 19 234 
£uuirum 20 199 
Ekidonim 19 233 
Qeounella 19 236 
GUucocygtis 19 233 
Qloeooapflft 19 229 
OloeocyBtoiMW 19 233 
Gloeothece 19 229 
Gompboephaeria 19 230 
Gonatozygoa 19 240 
Ckimum 19 233 
H&paloniphon 19 232 
Hyalothaoa 20 221 
Hydrurus 20 224 
Hypheothrix 19 230 
Leptochaete 19 232 
Lyngbya 19 230 
Merismopedla 19 230 
MMotaenlum 19 239 
Mionuitanaa 20 211 
Miorooyetifl 19 230 
Mioroi^ra 19 230 
Mlorotnamnion 10 236 
Mougeotia 19 238 
Neirium 19 240 
Noatoo 19 231 
Oedogonium 19 237 
OOcyetu 19 234 
Ophiocytium 20 223 
OMiUatorla 19 280 
Fandortna 19 233 


Padiagtrum 19 234 
Panium 19 242 
Peridi Ilium 20 224 
Fhacus 20 224 
Phormidtum 19 231 
Pleurota«nlum 19 246 
Quadrigula 19 235 
Rhabdoderma 19 230 
Rhizooloniutn 19 238 
Roya 19 239 
Sceoeddamua 19 235 
Bchizothnx 19 231 
Bcytonema 19 231 
Selenastrum 19 236 
Soraalrum 19 236 
Bphaerotosma 20 217 
Spuogyra 19 238 
Spirota<mia 19 240 
SpoadyloMum 20 216 
Staurastrum 20 185 
Stigonema 10 232 
8ynechoc<Kcu8 19 230 
Tetmamorus 20 210 
Tetraodron 19 234 
Petraapora 19 233 
Tolypothruc 19 232 
Triboneroa 20 223 
Triploceraa 19 248 
Ulolbnx 19 236 
Vauoheria 19 288 
Xaathidium 19 275 
Zygnema 19 239 
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EXPLANATION OF PLATES XXXIII-XLIX 

1a genenU Uiroughout theie pUiee oucloi havt been toUd, ohro«A*to- 

phore Aod pyreAoid outUnefl have been indicated by dotted Unee, but ^oe theM 
are made from preeerved material they are not to be considered tmtuMlly iOtuAra* 
ttve of the livta$ oril) broad lentlouliur membrane tKlekeninga have been indi' 
Gated by oonoenirie dotted lines, punotulatioA and granu^tion have been 
Indicated by dote or by circle! of approbiiate else on part of the cell curraOei 
but if very delioate have been omitted Inawinge of the eame epecies if adjacent 
have been eonnaoted by a dotted line, and if separated on the plate generally 
have been Indicated by a letter attached to the figure number Ail figures ar« 
original, executed by the author from ih» Newfoundland material, and reduced 
by about three fifths in reproduction 


rt4A*m xxxitf 
Staurastrum 

1 S dejtelum var paten$, side and top views, X 72fi 

2 S cuspufatum, side and top views Of two cells, X 065 
5 8 tu^ptdahtm var eamdetm, f, X 560 

4 8 mueroaetam subinenpuiore, side and top views, X 665 
5. 8 ^pidatum var canodeasei X 725 
fi S apMaimn, X 735 

7 S otursum, X 725 

8 3 •ancroaofum, f, X 725 

8 8 orhieidore var exleasuat, f, side and top views, X 725 
10 8 pprorntdohna, side and top views, x 725 
11) 18 S hotrophUuitih side and top views of two cells, X 5^ 

12 8 X 725 

14 8, brtmptntm, f , X 675 

1& 8 hreMhenas var jlnonis^f, side and top ikm, X 840 
(See also inate LVll in r atkd Pifitsp 




PLATE X\\t\ 


StHurft«trum 

1 S pachtfrhynrhum facf* and top vu X 725 

2 *S furt<^um X 725 

3 (S \vtcula var Hubarcunta, fa^^t and top viiw^, x 725 

4 S ft{flytn<frphHm f fa^’o and top vn \\» X S50 

5 S HaveneUit fact and lop views, X 725 

6 Sf ittbincum var ocetdenUdet X 725 

7'7a S orwfinwm var curium^ side and top views, X 726 
8 S cosmariutiks X 6t>5 

V) S grandf var parvum side and top views X 665 
10 S selifferunt top view X 726 

(Sim: also Platt L\ M in Part I and Platis WXIII XWV-WXIX ) 


11 0 (Jrevillti portion of tikmuit, X 605 

12 D Su nrtni, portion of hlainent X 665 

13 1) atqmk twirtion of hlainuit, X 665 

U Z) guodratum var dtdit/orwc, var nov jxirtion of filament from face 
and edge vitws X 725 

lu 0 Qtanlxceph f major, ptirtions of filament from fact and tdge vitws 
X ot)5 

(3oe also Platt XI IX ) 

Bambusmu 

16 B Borrtn portion of filament of type showing mammillato ainua X 725 


Plate Xf fX I 



PIATL \\\1\ 





PLATF \\\V 


StauraHirum 

1 jS aubscnbrum f arnbrior, Hidt ami top vilwm X 726 

2 S gufulrtaptuatum X 725 

5 S tth/erum, and toj) viphn, X 721 

4 S muncnium ‘<ide and lop vitw**, X 726 

6 S airtolahim two iide vj( X 726 

6 *S aUertuinn nuU and top vkwh X 725 

7 S punciulaturn vai pygntaeutn uide ami toj) view** X 726 

8 S punctulnfutn mU* and top vrwh, X 726 
0 jS ddnt/itum wdt and topvnwa X 726 

10 11 S getmnniutn \‘ir Umgiaptnurn two cdlx “iidt* un<l top vn X 726 

12 *S tdra&rum X 725 

13 ^ Mrarirum f trigonutn X 726 

14 A xatnnum X 726 
lo A ifenant X 725 
16 S tnJlejTum, X 721 

17 J 8 S piirndoxum, X 726 

19 S paradoxum^ i (?) X 5<>5 

20 S *uimu</t6roc6Ri/wm f X 725 

21 S 6roc5»a/iim, X 726 

(Sen also Plate lA 11 of Part I and Plates XXXUI-XXXIV XXXVI- 
XXXIX) 





JIAII’ xwvi 

Htauraatniin 

1 2 S cloTtgntum ■sul* v» wh of cell and s( miM II, X X 725 

3 S ptlngirum \ \r lonfftbrnchwttim, vut iiov Bidt atnl t<»p vit wm X506 

4 S miat/maf, sp nov MKk and top vn w s X 725 

5 S fernalthi, «p nov , Mdc and top vuws X 725 
H S ^luhtn^cu^^tin^^ X 725 

7 S funigtrur/t f X 726 

S s furnQeriitn Md< and oblique to])\k X 416 X 606 
ft 10 S ( Itui top iind Uso hid< vlcwa X 606 
11 S furc^tutn vui , X 726 

12 12ii S obli(|Ut und U)p views X 725 X 5t»5 

11 S 4;fV(ve<>« X diO 

14 1 4a S 4/*rORm» f side v ii w mid tip <»f arm, X 340, X H50 
Jo S Cfraxten X 726 

(No also Plate I ^ U of Part I and Plates XXXIU XXXV. XXXVII* 
XXXIX ) 



PIA^^ xvx\i 




I I AT t xxxvn 
Staurantrum 

1 S margontnrfturn f hn!t and top vie u X 725 

2 S protectum var plartrtornrum aide and ti>p vn ws, X 630 
3-3a S fItxmtrUanum t »’) suit and top views X 725 

4 ^ polymorphuru side and teip vmw« X 726 

5 S cruiulttium f aide and t-<»p vuwa, X S50 

6 S furcatum var nrule(iturn{*t), top view, X 726 

7 N Hiltgerum, X 725 

8 6 liotuh topvww X 340 

0 jS Arcliacoti top view, X 340 

10 S ankyr(n<le» var p*.tUacladum, top and side vi<wa, X 460 
U 13 iS Ophtura^ top and aide views X 450 
12 ^ pen^aceram top view, X 340 

14 ^ furcaluTrif ( aide and top views, X 725 

(See nUn Plate 1 \ fl of Part I and Plates XXXIII XXXVI, XXXVKI 
XXXIX ) 



PLATE XXXMI 




PLATt XXKVIll 
StauTasfmm 

1-2 S Hrtl'u/o/-, «i<lt Mtw tvso cells top ami cdK« View** X 5*15 
3 4 *S bwculatum hp dov » Bide vk% of t\\a ciUb, U»p ftud •dge vhwb X 5*^6 
I d S suU vjtH of two tills and top viiw, X 505 

7 8 s Otcvnie, side view o( two otils, top and ba«ai views of semicell X 470 
9 S inchf^ra, X 470 

10 S amertcatium var lonjprodwfum, X 725 

Plate I \ tr of Part I arid Platts XXXIII \X\VIT, XXMX ) 



PIATL XXXVIII 




PLATfc XXXIX 


ii.ua»iriini 

1 E nbruplum f minus X 850 

2 E rnmUantimt X K60 

3 F hinale f ktatifi X 850 

4 F Eolfiiti var t«<Amor/w)«firuw f X 860 
E insutarr, X 725 

0 E pjjlchf'Uum var te/usum f (0 X 725 

7 E dolti/orntr var X 725 

8 F Turnf-n* f X 726 

9 E X 606 

10 E feifirn/zi/uw X 605 

(SvL ttlwi PlaOH Vr-XTJII ) 

Tf tmomorufi 

It 7 laeviH, X 470 

(See aU<. Plate XLlIl ) 

Stauraatrum 

12 S bortal*^ side top and oblique viewa X 470 

13 S gractlp, top view X 470 

14 S Hubrrucuiium X 726 

1'5 S pidytrtchum top vit-w, X 726 

10 S SclMilfiii var ornaium, top vm w X 456 

17 (S' anaOnum var trun<»ibim, side and top vieww, X 606 

18 *8 (rraW<JbAr*u/n, var , side and top views X 666 

19 -S ieptocladumf side and top vtowa, X 456 

(Sec ftffo Plate LVJI of Part I and Plates XXXIfl-XXXVJII ) 
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'PuAstrum 

1 3 t thico (.tlln x 72^ 

4 F (taiwinnkitf (Mt vhu X 725 

5 6 A tvif> c t 11 h X 725 

7 F tmhfiutn X 725 

8 E Loniuhicntr fiut and top \ u wh X 725 

9 F mnnoHum vur reduclt 4 fn t t?), X 566 

10 E inertne X 565 

11 E tiubfitjcalobum X 725 

12 F fnrtum var nubmiangularv f X 566 

13 F tndentaium X 725 

14 E pftcHnntutn \ar reiiuctuni var nov faot,odK» and top views X 666 

15 E ptctinatum tn^avlutum, (ucc nrv\ t dm vhwh X 665 

16 E prclifMlum vm hrnrhgtfdmtn f majm, f nov, faei and edg» vhwh 
X 566 

17 E lappontcum, X 815 

18 t innate, face and tojj vkwh , X 860 

19 b anmtum X 5<15 

20 E crasHum var ncrobici^/o/iim X 445 

21 E cunenfum, X 450 

(S<e also Platca X\XI\, XI 1 XI ill ) 
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rLATE XU 
Kuastruni 

1 F huitniatum X 565 
Z F pinnntutHf X 4^^ 

3 3a F tuddaltnae var novae terrac var nov , fact ami top views X H50 

4 F peetinnium var brac/ij/io6um f rcw/rataw, f nov fan ami top vievv^, 
X 565 

» F Mlemt fa<t and top v«w« X 5(i6 

6 K pinnatum f fa^e, (dK'i and top views X 470 

7 B oblongum fjut ami edge views, X 385 

8-8a F frtffan/euaj; var l^Uum var nov , face and idg« vicwB, X 340 
9 B humero'funt face and edge views, X 485 
(See aJw Fla68 WKIX-XL, XI IT Xf lU ) 






PL\ri Mil 
1 unslium 

1 E (hfUlta faci and <<Ui vuws, X 5^*5 
2-3 h amftMUartHm, (ill fan ami lipnf anoflni inilividual X 5()^ 

4 f inlt) methum var fuUJuw X 5f>5 

5 F iniftgru fuci and rd^i of ci 11, X 6<>'> 

b E inn and top vieus, X 3^5 

7 f I! oUei var X ^40 

H E obUyngmn t , X 470 

9 F tyrntricomm X fiHfi 

10 E obionguiH X iH5 

(Si also Platts XX\I\ \r r, \I III ) 
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Euustrum 

! / cu8pif/atum X 7J5 

J F pulchiXlutn var reiunuml X 725 

3 E HoUUn \txr isthniochondrum, S ^ X H50 

4 E (Irguna X 860 

6 0 E iLcgava vai orruitum, tuo mIU, e<i(ce and fate views, X 850 

7 h gentmtitutfif fait, odgt arid top vuws X 725 

8 E trungne f , * mptv MuucfH face X 5f>5 

0 E X 726 

10 j6 tfenlitcotsumj X 725 

]1 E crtffisi/m \ar Hcrvbiculatum X 886 

12 h verruaman^ X 450 

(S« c also PIuU i X \ \1 X-X! 1 1 ) 

Tetmemorua 

13 T granuiatus vai atUnuatus^ X 565 

14 r laetne^ X 625 

I') 7 Brebt8»vmi var minor X 686 

16-17 7 iire6i«s<>Tin two cells X 300 X 340 

18 T gramtlatus, X 340 

(Ste also HaU WXIX ) 



PLATL XUII 




ILAff \L1\ 

Mi< raxUrias 

1 1/ rtultnta var gractlltma X 340 

2 ’Vf Jt-nnrn vai mmplrr X 38^ 

3 M Joluicea X 605 

4 W erparma X 5^16 

5 \f ptnnatijtdii X 606 

0 M arcunia X 5i\5 

7 \f OHCitans X 340 

(Hi*c also PlaUs \J V-M VIIJ ) 
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PI^ATfc. XLV 
Mirraat<*riaK 

1 \f rathat^ X 340 

2 Af rathoxa \ ar ornnta f elegauHor, X 340 

3 M con/*rta \ar nmnu terrne X 

4 \f J'fnnin var X 315 

5 Sf amer tcana X 455 

6 Af apicutnt<i \ar hrach{/plera X 385 

7 M ThamaHiana var X 2H6 

8 Af trtanffulonei, X 315 

(S<t Platen XT IV, VL\I-XT Mil ) 
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11 ATI XL\ 1 
Micittf»U rifiS 

1 M papilhjera var glabra f X 5(>5 

2 \t paptUtfirn ( , X 
J M con/trta X 455 

4 \f papiULjera^ X bh5 
) M truncala^ X 470 

(i 8 A/ Iruncnta var turgxda var nov , face tdijc and toj) views X 505 
(So alHo Platts XI l\ XT V XI MI XT Mil) 
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PLATE \LV1I 
MicroBteriHi* 

1 M ix^iatua X 56“) Tour showing (h ft) the maximum approach 

toward M arcau/a obwivid in this ntuUrial, and (right) the maximum 
eomJtnsation of the arms 

2 V/ trunMln var iurgtda^ var nov, X 4St) Coll showing anistiKl sopa 
ration of thi stmicells after division had prognsiwd to sfgi-ogHtwm of four 
chromatophoios m the juvenile portion, as outhiud by dotte<l lints 

3 M tmncaUi var iurgtda, var nov , X 5h5 I h ven stmictlla showing wide 
\armtion and t>cratolo|,C> including stout facial lolas, all spiiimtns repu 
sented had w alls of adult texture 

Cownarium 

4 C tetraophthalmum var pyratnidatum X 300, cell showing uricnUd nt paraiton 
of Bemici Us (dtscnla d m Part T pp 209-270) 

ispt also Plates \I IV-XfVr XI \ III) 



PLAlIi MMI 




PLAIF XLVIIt 
MicmsUriaa 

] V conferta v ir miiae tfrrae X 
2 \f apertoBa, X 565 

i M radioaa var ornnta f elcgmUxor^ X .340 
4 M rwhfisa var ornata, X 340 
) M Joknsomt var hipaptU^a var nov X 225 
0 M ra(0<;«« f X 50 

7 4f afncuUttci var Jimbrtuia X 226 

8 vHCtlnita topvMW, X 225 
(SOI also Plafos \f IV Xt VII ) 
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I)e»midiutn 

] /) B<nUu\ X 

2 1) \pkgon\m vnr X 5fi6 

3 O iptogotiutn viir ovale var ntiv , side etf hlfiiix nt nnd top view of cell, 
X 470 

4 ') /> Hid* VI* W8 of two porlionn of tilanunt Hhowiiin anfxct in 

p*)silion of If sM r and gipat* r dim* iiHitJiis x 505 

6 /> quatlratum X 5t»5 
(Nh. also Platf WXIV) 

•^jHiiidv loHium 

7 S phiium, X 505 

8 S pulchniirt pottion of tilamcnt and cdRO ami (op view8 of cell X 340 

Sphaero/osma 

9 S i.ubt)iiatia, X 5(t6 

BainbuMiua 

10 B Barren var gractlenceng X 726 

11-12 H /famrt, portion of hlanunt in siiifuo* and portion in optical section 
showing Rplicato wall aa formed after till division, X 725 X 060 

13 B Barren var attenuata^ var nov X 725 
(Stf also Plat* XXXIV) 

Hj alothica 

14 // neglecia var major X 726 

15 // diftnlienHt var , X 5f>6 

16 H tltsatlteris var Amrnt f portion of hlatnent and eml of cell X 606 

17 H la<tnctttctat tip nov , X 725 
(See also Plate XLVU of I^art I ) 

H{8rotaema 

18 6 np (?), X 626 

(See also Plate XLV of Part I) 






MABSA HIRSVTA (MYRSINACEAE), A NEW 
SHRUB FROM KWEICHOW, CHINA* 

EGBERT H WALKER 

C ritical I^tudiea of thf* collections made by \an(»U8 rtcent 
expeditions into little-explored Kweichow Province are reveal¬ 
ing a rather large number of new plant forms Since Dr Heinrich 
Handel-Masaetti, tho noted Austrian specialist on Chinese botany, 
traversed the province on his expedition during the years 1914^18, 
he has received for study a large part of these specimens Among 
those collected m this province in 1930 by Y Tsiang (Tsiang Ymg) 
under the auspices of the Metropolitan Museum of Natural History 
in Nanking, China, was a specimen which apparent!} represcnto<J 
a new species of Maesa Since the writer is engaged m a cntical 
revision of the eastern Asiatic members of the Myrsmaceae, this 
specimen was kmdly lent him for study at the United States National 
Museum, and the supposition of its distinctness was confirmed 
Subsequently Dr Handel-Massetti offered the wnter the pnnlegc 
of naming and publlshmg this new species 

The Asiatic species of the genus Maesa, along with most of those 
of the other genera of Myrsinaceae represented in this area, are in 
a state of great confusion owing to tho intergrading of specific 
characters It is increasingly evident that there is a close relation¬ 
ship between the Chinese species of Maesa, especially those from 
the western provinces, and those of India, Burma, and Siam, a fact 
which has apparently been overlooked by recent students of the 
Chinese species Hence, any treatment of the northern forms must 
be regarded as provisional until a larger representation of the more 
tropical forms can be assembled and cntically studied This the 
writer has as yet been unable to do in a sufiSoientiy satisfactory 
degree, 

The Chinese Maesa under consideration belongs in the grod|) 
with corolla tube* nearly equal to the lobes, as contrasted with those 

* PubUshad by permiadoa of the secretary of the SmitheotUan Institution 

m 
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having the tube about three times as long as the free portion The 
densely hirsute braneheSi together with the roughs hirsute upper 
surfaces of the leaves, distinguish it from the related pubescent species 
in that group Tlie only available mformation concerning the habit 
of the plant is the statement on the field label that it is a small shrub 
Since the vegetative characters must be relied on largely to separate 
the species m this genus, this one ts here considered distinct 

Maesa hirauta Walker, sp nor 
(PUte L) 

Arbuscula parva fere undique hirsuta praesertun ramulis tenuibus, 
folia breviter petioiata, petiolus vix 5 mm longus, dense hirsutus, 
lamina tenui chartaeea, 15-19 cm longa, 6-7 cm lata, elUptioo* 
ovata, basi rotundata vel late obtusa, apioe acuta extremitate tenuiter 
acummata, grosse serraia, dentibus acuUs triangulanbus, supra opaoe 
viridi, infra paulo patUdiore, utroque scabrido-hirsuta praesejrtim 
subtus et in costa tenui elevata, nervibus lateralibus circa 10-jugis, 
ramosis, in dentibus desinentibus, mfiorcscentia racemosa, axillaris, 
circa 6 cm longa, hirsuta, pedieeliis 6 mm iongis tenuibus, bracteolis 
angustis ianceolatis prope medium fructus looaUs, sepals tnangulari"> 
ovata, acuta, ferC 2 mm longa, hirsuta, neque punctata neque 
prominule glandulosoHstrlata, coroUae tubus lobis vIx longior, lobis 
3 mm iongis suborbiculanbus gtandulomHstriatis, glabns, stamina 
in fionbus femmeis reduota, in fionbus mascolis quam corolla bre- 
viora, filamentis brevibus, anthens ovatis vix 1 mm loni^, phtU- 
lum sepalis subaequale, stigmate 4*iobato vCl i^liviso, styl^ vix 
1 mm lon# 9 , ovario glohoso subinferiore, fructus circa 5 mm Ion* 
gus, ovoideus, apiculatus, albus, siccitate flavceCens, htsautus^ olisourc 
glanduloso-striatUs. 

' Type in the herbarium of H £(aiidel*Mas4ettl, Vien|i% Austria, 
ccdleot^ by Y IWang et SI«ini*yao, {^ei-iia, Chei^en^ i&ien, Kwei¬ 
chow Province, China, October 24,1930, No 4405 Air$igaimt and 
a photograph are d^^ted in tto United States National Herbar 
rium,No 1,577,835 An additltmdspecliiMnmihe New York Botan¬ 
ical Garden was edleeted by A N Steward and C, C« Cbeo at CU 
Tung, Lin Yuin Hsien, KwOngid Proidnoe^ May S, 1988, No« 315 

Nationai. HaasAamn, SumwoinaK Utemvmai 

Wajhiinqtow, DC 
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CONTRIBUTIONS TO A STUDY OF THE 
FUNGOUS FLORA OF NOVA SCOTIA I* 

LEWIS B WEHMEYER 

T he Province oC Nova Scotia presents a particularly fertile field 
for the mycologist Situated as it is lu 44®-47® north latitude, 
neariy surrounded 1:^ water and bathed on the southern coast by 
the warm Gulf Stream, it has a moist temperate oUmate very favor¬ 
able to the development of many species of fungi, especially the 
fleshy types 

The Province eonalsts of a peninsula which lies in an easterly 
and westerly direction and is traversed by two high di\ iding ridges 
and numerous parallel lower ridges and hills The southern water- 
idied divides it longitudinally into two halves The southern half 
is almost entirely a gramtic or quartntio region, with numerous 
parallel streams cutting across the larger ridges and empt3nng into 
the Atlantic Ocean Ihe region also contains numerous lakes and 
bogs North of this watershed the underlying strata are chiefly 
aedimentary sandstones and slates, with a backbone of igneous and 
metamorphio rocks forming an interrupted hnc of hills running the 
length of the north or norUi-central part of the Province The drain¬ 
age in this area is northward into the Bay of Fundy, Minas Basm, 
Cobequid Bay, and Northumberland Strait It was here that most 
of the writer's coUections were made (For a further discussion of 
the typography and the geology of the Province and their relation 
to forest types the reader is referred to C D Howe's part of Femow's 
f^rt[7, p 483) 

Much of the eharm and interest of collecting in this Province 
has la ^ vanety of ecological situatkms md in the abundance of 
the longl, both species and individual plants, found therein About 
82 5 pttr cent oi the Province is forested Of this area 73 per cent is 
a mhced feiect of conifers and hardwoods, 20 per cent is of pure 
eontfevs, asui 7 per oent pure hardwoods (7) AMcs baUamsa and 

* PspCrs fmm tbs Department ti poSaAy and the BerhaHum of the XJniyer- 
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Pxcea Tubraf which are the most abundant ooniferous speciesi often 
form pure stands^ either singly or together Other conifers, such as 
Tmga canadeimB, Ptcea canadensis, P wanana (in cold swamps), 
Lariz tarmna, and Finns occur mostly as scattered trees or 

as local stands The dominant hardwoods are of the beech, biroh, 
and maple type, including Fagiw ffrandxfolia^ Beixda papynfera, B 
populxfoliCf B luteUf Acer saccAamm, A aptcalunij and a scattering 
of A penneylvantcum Along the stream beds are Alntts tncana, 
PopuluB tremulotdcBf P grandxdeniaiCf and various species of Salix 
Besides these there are scattered individuals of Ulmu$ awcncana, 
Prunus seroHnaf P vtrgimanaf Pyru$ amertcanaf Comm aUemifoltaf 
Ostrya, Carpinus, Fraxmus, Crataegus, Amelanchier, and other asso** 
ciated species The shrubby and herbaceous flora is similar to that 
of northern New England Ferns and mosses are particularly abun¬ 
dant in both the forested and the open areas These forested areas, 
with their nch humus and abundant dead and decaying woody 
matter, are particularly productive of saprophytic and deshy fungi 
The many marsh and s^amp areas, besides presenting a different 
vanety of fleshy and saprophytic forms, also provide distinctive 
host plants which harbor numerous parasitie fungi Typical acid 
bogs m the lower flats either have an open shrubby growth composed 
chiefly of Rhododendron eanademf, Ledum groenlandtcumt various 
Vaccinia, and other shrubs or are forested with Larix, Picea manana, 
Salix, etc Swamps are also found on the riopes and ridges in the 
heavily forested regions, where there occur all tranmttons from bogs 
to mere wet depressions filled with mosses, ferns, or low shrubs 
The extensive grassy and out-over lands also have charactenstio host 
plants as well as saprophytic fungi, such as field mudirooms and 
I^coperdaceae About the shores of Minas Basin and Cobequid Bay 
there are large brackish marshes which are periodically inundated by 
the tides of the Bay of Fundy and which furnish distmelive sedges, 
grasses, and other herbs that serve as hosts to many parasitic fungi 
The extensive coast line with many sandy beaches also {novides a 
characteristic flora, which harbors many interesting fungi 

There still remains a large field for work on tibe fungi of the 
Province Severalhsts of fungi collected in Nova SooUa have been 
published by Somers (22-27) cmd MaeKay (14-lfi) These earlier 
reports are chiefly of the fleshy fungi, partioulariy the Agarioaceae 
and Polyporaoeae. There are also a few pubUri&ed aocoonfe of 
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special groups, such as the rusts by traser (9), Myxomycetea and 
aquatic fungi by Moore (15-17), Lrysiphaceae by Mussels and 
Parker (18) and by Fraaer (10), and of forest diseases by Faull (6), 
but beyond the scope of fheae papers there lies a virgin field which 
should yield much of myoological interest 

The wnter's studies on Nova Scotian fungi are based largely on 
material gathered over a period of some five years In June of 1926 
several weeks were spent about Truro and m the region of Wolfvillc, 
in September of 1927 a few collections were made on Cape Breton 
Island During the summer of 1929 the months of July and August 
and part of September were spent in collecting, chiefly m Colchester 
County In 1931 the writer was accompanied by A H Smith, and 
a permanent headqum-ters at Upper Brookside, near the town of 
Truro, was established Dunng summer trips to vanous parts 
of the Province were made, and special attention was paid to the 
deshy fungi A R Pnnee, of the Provincial Agncultaral College 
at TVuro, has kindly donated a number of collections made by him¬ 
self and others In all, well over fifteen hundred collections have 
been obtained for study The area coxored is more or less limited 
to the northern and eastern parts of the Province It has, also, been 
Impossible to make collections of the early spring or later fall flora, 
but, in general, a fairly representative colieotion has been obtained 
Nova Scotia is of particular interest from a distnbutional pomt 
of view For the most part the fungous flora is similar to that found 
in northern New England or in the moist mountainous regions of 
the eastern United States, and may be regarded as a northern ex¬ 
tension of that flora This general area also represents the eastern 
or Atlantic extension of the broad band of northern Canadian forested 
territory which links it with a region of similar ecological conditions 
In Uie western mountains and on the Pacific Coast Although very 
little IS known of the fungous flora of the northern Canadian region, 
It presents ocmditions which undoubtedly allow the extension of a 
northern element of the fungous flora across the North Amencan 
continent. Kauffman (12), In his studies of the fungi of the Padflo 
Coast, was struck by the large component of North European species 
in this area and says Two myodoj^cal features impress an eastern 
myeotagfst when he enters the Pacific states west of the Cascade 
Itange In the first place, many species, if one is at all familiar with 
northern European plants, are fou^ to be old Friesian species ” 
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clustered tn small groups on a common hypoihallus consisting of 
the very faint remains of dned slimes sunple, unbranohed, bear¬ 
ing a solitary cyst and dull yellow to brownish Cyst spherical 
to elhpsoidi 200-400 p in diameter, bright yellow Rods short, 
16-20 X 05-08/1 

On decayed wood infected with a Chlorosplenium mycelium 
Upper Brookside, August, 1931 (1613) 

The writer has been unable to locate any species of Chondro- 
myces with a yellow color, simple stalks, and solitary cysts This 
matenal might possibly be immature ChondrompeeB crocatus B 
A C, but there appears to be a defimte wall formed about the 
large solitary cysts and the rods are Sorter than those of C 
crocatuB 

MYXOMYCETSS 

(Unless otherwise indicated, the Myxonyoetee were determined by G W 
Martin) 

Abcyria cindbiga (Bull) Pera — On decayed wood, Upper Brook* 
side, July 18, 1931 (1084), Vlotona Park, Truro, July 6, 1931 
(411) 

Arcyria danudata (L ) Wettst — On decayed wood, WiUeigh 
Lake, July 20, 1931 (1089) 

Abcyria mcARNATA Petti — On decayed wood, Victoria Park, 
Truro, July 6, 1931 (413), New Glasgow Road, July 26, 1931 
(1141), Upper Brookside, August 24,1931 (1400) 

Abctbia mjTANs (Bull) Orev — On d^yed logs, Upper Brook* 
side, July 17, 1931 (1079), New Glasgow Road, July 26, 1931 
(1140) 

*Badhamu nBciWBfirs (Curt) Berk — On beech bark, Upper Brook- 
July 9,1931 (466) 

’'Obbatiomyxa FRUTiotriiOftA Maobr var nJtxooeA lAst — On de¬ 
cayed logs, Upper Brookside, July 4,1931 (388), July 19,1929 
(133), d^ L E Wehmeyer 

eommubi ex veatigtc odDotdeo tenui oonsietsnte aggrpgatls, sordide luteis vel 
aubbrunnele, ey$tem jo&tariain ferentibija, eysUbus sphaerMe vet eltipecideia, 
diametro 20(M00 a, peduteu, baotffia btrevunu, 16»2t> fi longis, 0 5-*0 8 p 
orassis Uum myccwi CJhlorpnitmU in Rgno putrido, looaUtate BMicstdo dicta, 
Com Co4oheeter, Nova 8looUa, legit aoctor stdi numero 1618 in Hvth Unir kloh 
A flpeotsbus gcacris aliiB dUfert ooiore luteo, «tt{dtibua simpiiottMM ei eystUs 
sbUtams, a C erceedb pi A 0 speciatUn differt (diemvaUatkme cystorum 
migdorum aoUtarionna definita st baettlit bretioiibua 
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CoMATRicHA BUBCABSFiTOftA. Pk — On decayed wood, Salmon River 
region, July 14, 1931 (1029) C nt^ra ib listed by Moore (16), 
and this is probably the same as his material 
CoMATBicHA TTPHoroKS (Bull) Ilost — On decayed wood, Upper 
Brookside, July 3, 1931 (303), probably the C atemontles of 
Moore’s Ust (16) Green Gaks, Colchester Co , July 9,1931 (479) 
*Cribiiahia DicTYWOioES (Cke ) Balf — On decayed wood, Victoria 
Park, Truro, August 23, 1929 (255) 

*Cribhahu miFOKMis Schrad — On decayed wood, New Glasgow 
Road, July 26, 1931 (1142) 

•Diaohaka eeucopodia (Bull ) Rost — On dead leaves and debris 
or upon living leaves of ferns, etc, Upper Brookside, September 6, 
1931 (1485) 

♦DrcTYDiUM CANCEUATUM (Batsch) Macbr —On decayed logs, 
Upper Brookside, July, 1929 (131), Upper Brookside, July 31, 
19^ (191), Mt Thom, August 8, 1931 (1266) Common on 
the decorticated surfaces ol well-decayed logs 
*Dii>KnMA fiPUMAmoiOEs Fr — On lieech bark, Upper Brookside, 
July 24, 1931, det L E Wehmeyer (1138), on dead leaves, 
Middle River, Victoria C^o, Cape Breton, August 6, 1931, det 
L E Wehmeyer (1221) 

*Dn>SRHA TESTAOEOM (Bchrad) Pers — On porcupine dung, Mfc 
Tbom, August 15, 1931, coll A H Smith (1328) 

DroYMtuu MBLANOSPBRMtm (Pers) Macbr — On lichens on wood, 
Salmon River region, July 14,1931 (1033) (partly parasitised ?), 
on mosses, Salmon River region, August, 1921 (1494), on de¬ 
cayed leaves, Upper Brookside, July 1, 1931, det L E Weh¬ 
meyer (348) Common on deep growths of mosses and lichens, 
often forming striking decorations of upright moss plants such 
as Polytnchum 

♦DinrifiUM yiGnxvm (Lk) Fr var xanthofus (Pitm ) List — On 
sprueeduff, Salmon River region, August 18,1931 (1375) Often 
found in great abundance on fallen cones, twigs, and needles 
under spruce 

FAPniLATOM (Pers) Rost — On dead wood, Salmon 
River region, July 16, 1931 (1049) (Entire collections were 
senttoG.W Martin) ^ 

♦FumcK) MtwOBVW Alb & Schw —On moss, Upper Brookside, 
September 1,1931 (1486) 
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Fuligo bbpttca (L ) Ginel — On mo«8, Upper Brookaide and 
Salmon River region, July 8-15, 1931 (460, 1028, 1052, 1053), 
beech log, Upper Brookside, August 1, 1929, det L E Weh¬ 
meyer (186) Common 

*Fulioo septica var laevxs Pers — On log, Earltown Road, 
August 22, 1931 (1391) 

Hemitkichia ciiAVATA (Pers) Rost — On decayed log. Upper 
Brookside, July 27, 1929 (166) According to Martin, “This 
has the color and appearance of H 9ttpttala (Mass) Macbr 
I can find no constant characters to distinguish these two 
species and hence at present follow Lister m regarding them as 
the same “ 

Hemithichu stipitata (Mass) Macbr — On decayed log, Upper 
Brookside, July 17, 1931 (1078) 

Leocarpus TRAQtLis Rost —On dead wood, Upper Brookside, 
July 16,1931, det L E Wehmeyer (1068) 

Li( EA VAUiAnius Schrad — On eonifer stub, Mt Thom, August 15, 
1931 (1334) Deep pink dash color at first, becoming duU olive 
black at maturity 

LvcooAiiA KPiBBNDKtJM Fr — On decayed fir wood, New Glasgow 
Road, June 30, 1931, det L. E Wehmeyer (342) 

‘Ph^sarom coNFBKTtjM Macbr — On fir twigs, Salmon River region, 
August 16,1931 (1357), on moss, Salmon River region, July 15, 
1931 (1051), UpperBrookstde, August 13,1931, Salmon River 
region, August 18, 1931 (1353) Very frequent on the thick 
mossy carpets under older stands of spruce and other conifers 

♦Phvsarum contkxtcm Pers — On beech baric, FoUeigh Lake, 
July 20, 1931 (1098) 

PHYftARtm aiiOBouFEKUM (BuU) Pers, — On decayed log, Upper 
Brookaide, August 11, 1931 (1268), on poreupine dung, Mt 
Thom, August 15,1931, ooll A H Smith (1316) 

•Phybarum LATERiTitTM (Berk & Rav ) Morgan -- On wood, moss, 
and leaves, Mt Thom, August 15, 1931 (1339), Upper Brook- 
aide, August 24, 1931 (1399) 

♦Phvsabum jKfTABiwG List — On leaves, Upper Brookside, Sep¬ 
tember 1,1931, det H C Gilbert (1484) ** May be an aberrant 
form of something else,“ according to Martm 

Physarum nutanb Per* — On decayed wood, New Glasgow Road, 
July 26,1931 (1148), parasitised, New Glasgow Road, July 25, 
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1^1 (1144), Mt Thom, August 15, 1931, det H C Gilbert 
(1327) Approaches F kuoophaeum In Moore^s list as Ti/ma- 
doche alha 

♦Phtsabum pulchkrrimum Berk <k Rav — On decayed log, Upper 
Brookside, July 27, 1931 (1166) 

♦Phvsarum RtTBiGiNosuM Fr — On moss on decayed log, Salmon 
Rher region, August 19, 1931 (1365) 

Physarum VIRE8CEN8 Ditm — On moss and d^bns, Middle River, 
Inverness Co, Cape Breton Island, August 5, 1931 (1217), 
Salmon River region, August 18, 1931 (1358) Quite fre¬ 
quent 

*Ph^sa«um vmiuSCENS var nitens List —On mosses and lichens, 
Upper Brookside, July 13, 1931 (1009) 

Prysabum vibidb (Bull) Pers — On decayed limbs, Upper Bnx)k- 
side, July IS, 1931 (1096), New Glasgow Road, July 25, 1931 
(1139), Salmon River re^on, August 18, 1931 (1352) Very 
abundant and common on the decorticated surfaces of limbs and 
branches In Moore^s list as Tthnadoche vtruk 
Stbmonitib axifeba (Bull) Macbf On decayed logs, both conifer 
and hardwood, Upper Brookside, July 19, 1929 (166), Upper 
Brookside, July 4, 1931 (390), Upper Brookside, July 4, 1931 
(394), Upper Brookside, July 7, 1931 (423) 

Stemonhis FEBBtroiNBA Ehreub —On decayed wood, Salmon 
River region, August 1, 1931 (1499) In Moore’s list as S 
Smtihti ? 

♦Stemonitw FLAvoaEKiTA Jshn — On conifer log, Upper Brookside, 
July 19, 1929 (39) 

Stemonitxs fubca Roth var trechibpora Torrend — On decayed 
beech, Upper Brookside, July 7,1931 (426), on moss, Mt Thom, 
August 16, 1931 (1336) This variety with reticulate spores is 
the same as the 8 maxima given m Moore’s hst 
Triohxa pebsimiub Karst — On decayed wood, KiUag Mines, Hali¬ 
fax Co, July 30,1931 (1190) 

Tusifwra FERRUOtNOSA (Batsoh) Macbr — On decayed logs and 
stumps Victoria Park, Truro, July 6,1931 (410), Mt Thom, 
August 16, 1031 (1340), Salmon fUverre^on, August 18,1931 
(1407) 
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PHYCOMYCETES 

Albugo Candida (Lev ) O Kunt*c — On Deniana diyhylla^ Upper 
Brookside, May 22^ 1028 (16), coll A H Prmcc (6005) 
♦Bremia Lactxtcae Regel — On iMctuca sp , Mt 1 hoin, August 15, 
1031 (1318) 

♦JCndogone PIBIFORMI0 Link — On Ups of Sphagnum, forming large 
globose to irregularly convoluted, orange-yellow, waxy masses of 
aygosporea New Glasgow Ht)ad, June 30, 1931 (341) 

*Mucor HiEMALis Wchmcr ^From moose dung, Killag Mines, 
Halifax Co, July 30, 1931, and cap of Mycfna Aamatopa, 
Folleigh Lake, August 20, 1931, coll A H Smith (1434) Ihis 
species u as obtained from gross cultures of the collections given 
The spores were quite variable, they are broa<l-eliip9oid to ob¬ 
long, (3 5)4*6 5 X (2) 25-4 M 

*PiLOBOLiTs LONGIPE8 Ticgh ~ On horse dung, Upper Brookwde, 
July 15, 1929 (49), Killag Mmes, Halifax Co, July 30, 1931 
(1180) No 49 was eoUected m the opening, when the young 
sporangiophores were deep orange-yellow and formed a turf ov er 
the entire surface By morning the maturing sporangiophores 
were all hyaline, with the black terimnal, lenticular sporangia 
measuring 160-300 in diameter and 100-200 p m thickness 

Sporodinia grandib Link —On Inocyhe and BoUius acober, 
Upper Brookside, July 1, 1931 (347), on Amanxia jlavoconia^ 
Upper Brookside, July, 1929 (103) Common on caps of aganos 
and Boleti 

BASIDIOMYCETES 

USriLAGINALES 

Sphacelotweca H’v DBOP 1 PERI 0 (Sobum) De Bary — On Polygonxm 
sctgtUaixmt Earl town Road, August 19, 1931 (1366) 

UREDINAIJiB 

(Unless otherwise indicated, all the rusts were determined by E B Mams ) 

Calyptospoua Goeppertiana Kllhn — On Vacctmum , Folleigh 
Lake, July 20, 1931 (1264) 

CfiRYSOMYXA LEDicoLA Lftgerh — On Picea rwbro, Pug Lake, Shel- 
boume Co, August 15,1929 (10), ooll A 11 IMnce (6023), cm 
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Picea mariandy KiIKr Mines, Halifax Co , July 30, 1931 (1177), 
on Ptcm B'p , Salmon River region, July 3, 1931, coll A H Smith 
(414), on Ledum groenUituiiruviy Victoria Park, Iruro, June 24, 
1929 (20) 

CHHYftOMYXA piKoiAiUM Witit — On cone of spruce, 1 oUeigh Lake, 
July 20, 1931 (1104) 

Coi^EosponUTM SoLiDiGi\i& (Schvi ) ThUm ~~ On Holidago, Upper 
Brookaide, July 28, and August 28, 1931 (1258, 1258a), on 
Aster, Onslow, August 31, 1931 (1449) Abundant 

CuoNAuTiUM nifaicoiA >i8ch Oil Pimn Kent\ille Lx- 

penment Station, Afny, 1917, coll 1 F Hockey (90) On /^i6c» 
mgrum, Upper Brooksidc, July 27, 1929 (144), Putou Landing, 
Pictou Co, August 12, 1928 (40), coll A R Prince (6026), 
on Rthen vulgarc^ Upper Brookside, July 27, 1929 (164), on Rtbes 
Bp , Upptr Brookside, luly 28, 1931 (1259) 

i< HOMMi' A OBTUSA (Strauss) Arth -- On Poteniilla (anadennSy Upper 
Brook side, July 28, 1931 (1260) 

OvxiNocoMA INTI-HSTiTiAus (Schiccht ) Lagorh “ On Hubus sp , 
Ur»per Brookside, May 22, 1927 (13), coll A R Pnnee (6018), 
S Maitland, Hants Oo (2), coll A R Pnnee (6033) Commtm 
on llubus m early summer The aeciospores w ere not germinateti 
to test for the possibility of the presence of KurMia mknH 
•GvMNOBPORANauTM cLAVAHiAi'FORME (Jaccj) DC — On Jumperus 
commumSf Kontville, Kings Co , July 29, 1027, coll J F Hockey 
(U2) 

RoesUlta lacercUa^ the acoial stage of this species, ib reported 
from Nova Scotia by MacKay (14, p 141) Fraser (9, p 391) 
also reports on Amelanchier a Roestclia which he says may bo 
the aecial stage of either this or the following species So far 
os the wnUr is able to determine, those collections are the only 
reports of the tehal stage of the genus Gymnoeporangium from 
t he Province 

♦GyMNOSPORANOiUM iLAViPES Cko <fe Pk —On JuntperuB com* 
munt»f Kentviiie, Kings Co, July 29, 1927, coll J F Hockey 
(123) 

Mkeamfsora Bioelowu Thdm — On Salix ap, Victona Park, 
Truro, July 22, 1931 (1112) 

Meeampsora Huvboeptiana Speg — On Sahz »p , Upper Brook- 
elde, July 27, 1931 (1611) 
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Mflampsorklla Cabyophyuacearum Schr6t —On Ahus haU 
tamaf Upper Brooksidc, June 30, 1927 (71), ooll A R Pnnce 
(6048), Apple River, Cumberland Co, July 18, 1928 (22), ooll 
A R Pnnce (6008), Vioiona Park, Truro, June 24, 19^ (1) 
Quite abundant locally, causing the conspicuous yellow-foliaged 
witches'-broom on fir 

Phraomidium americanum Diet — On Rosa sp , Upper Brookmde, 
August 7, 1929, and June 26, 1931 (198, 296), marsh, Onslow, 
August 31, 1931 (1449) 

PucciNiA ANGtrsTATA Pk —On Seirpus rubroiincitw, marsh, 
Onslow, August 31, 1931 (1450), on Sctrpua pedtcelUdus, 
Upper Brookside, July 27, 1931 (1158), on sp , Truro, 

September 3, 1929 (271) 

♦PucciNiA Arenariae (Schum) Wint — On Arenarta pephtdes, 
Pictou Beach, Pictou Co, July 22, 1931 (1114) “Apparently 
a new host,“ according to Dr Mains 

PuccmiA Astkris Duby — On Aster macropkylluSf Upper Brook- 
sido, July 24, 1929 (147) and July 6, 1931 (461), Mt Thom, 
August 15,1931 (1612), Aster sp , Salmon River region, July 3, 
1931 (454) 

PucciNiA CicuTAE Lasch — On Cicuia macuUda, Onslow, August 
31, 1931 (1442) 

PtTcciNU Clue AKA E Pcrs — On Circaea sp , Mt Thom, August 16, 
1931 (1453) 

PucciNiA EXTEN 81 COLA Plowr — Ou Sohdogo sp , Upper Brookside, 
June 22, 1928 (77), coll A R. Prince (6014), July 27, 1931 
(1261), New Glasgow Road, June 30, 1931 (466), on Aster 
aeumtnatus^ Upper Brookside, June 27, 1931 (298) Abundant 
on Aster and Solidago 

Pui tmiA Fraseri Arth — On Hteractum aco&rutn, Upper Brook¬ 
side, June 28, 1931 (460), on Hteracium sp , Upper Brookmde, 
May 22, 1922 (12), ooll A R Prlnoe (6009), Truro, May 16, 
1928 (50), coil A R Pnnce (6027) 

PucciNiA GRAMiNis PeTs — On Agrostts ol&a, maieh, Onslow, 
August 31, 1931 (1451), on Phleum pratense^ Upper Brookside, 
August 11, 1931 (885), on Pea sp, tjpper Brookside, July 28, 
1931 (1168) 

PiTcciNiA Grindblue Pk — On Sottdago sp, Victoria Parik, Truro, 
August 8,1929 (248) 
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PucciNiA HxsKAcii Mart —On BUeracium, Upper Brookside, 
July 27,1929 (130), on Taraxacum, Upper Brookside, June 14, 
19^ (136), July 28, 1931 (1169), marsh, Onslow, August 31, 
1931 (1169a) 

PucciNiA Iridu Rab —On ln$ «p, Onslow, August 31, 1931 
(1441), Salmon River region, August 1,1931 (1199) 

PucciNiA ORKATA Afth <fe Holw — On Rumex (bntanmca ?), marsh, 
Onslow, August 31, 1931 (1438) 

PuccmiA Pbinoshkimiaka Kleb — On Carex ap , Wentworth 
Valley, Cumberland Co, August 29, 1931 (1482) 

PuccmiA FtmcTATA Link — On Galium, Upper Brookside, July 28, 
1931 (1257) 

PuccmiA RUBiQO*VEUA (DC ) Wint — On Agropyron repenSf Upper 
Brookside, Jime 29, 1931 (459) 

PucciNLA BBssiua Sohneid — On Maianthemum canadenae, Upper 
Brookside, July 1, 1931 (466) 

PuccmiA Vtoi4AB (Sohum ) DC — On VwlacuculUUaf Upper Brook- 
side, June 15,1927 (122), on Viola ap Evangolme Beach, Wolf- 
ville, June 26, 1926 (29L coll A R. Pnnce (6016), marsh, 
Onslow, August 31, 1931 (1446) 

PuccmiASTRUM Aorimoniab (Diet) Transoh — On Agnmoma ap , 
Truro, August 31, 1929 (264) 

PucomiASTRUM Pybolab (Karst) Schrbt —On Pyrola eWip/tcn, 
Upper Brookside, June 22, 1926, and July 7, 1929 (76, 138), 
Upper Brookside, June 28, 1931 (452) 

PuccmiASTRUM Vacciniorum (Karst) Dietel — On Tsuga cano- 
dcnets, Vlctona Park, Truro, July 22, 1931 (1111) On Rhodo¬ 
dendron canadenaef Upper Brookside, July 28, 1931 (1170) 

TRANSCKBtiA Thauctri (Chev) Dietel — On ThaltUrum polygor 
mitm, Onslow, August 31,1931 (1443) 

URBomorom amiuRICaka Syd — On Ahtca halaameat Upper Brook- 
side, July 18, 1926, and September 5, 1928 (17, 55), coll A R 
Piinoe (6006, 6206), August 14, 1931 (1337), KiUag Mines, 
Halifax Co, July 30, 1981 (1183) On Onodea aenstbilta^ Upper 
Brookside, August 11, 1931 (1274), Wentworth Valley, Cum¬ 
berland Co, August 29, 1931 (1274a) 

Unanmoms oiMXmnAic Magn — On Oamunda ctnnamomea. Upper 
Brookside, August 11, 1931 (1273), on Oamunda ClayUmtana, 
Mt HwMtt, August 10,1931 (1273a) 
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Ure-dinopsis PHEGOPTt.RiDis Arth “On Phcgopiuts sp ^ Salmon 
River region, August 1, 1931 (1200) 

Uredinopbis SrutirHiopTERiDis Stormer — On Onodea Siruthiojh 
ienSf Upper Brookside, August 12, 19 U (1281) 

Uromvces acumimatus Arth --On Spartiria Michauxiam, marsh, 
Onslow, August 31, 1931 (1439) 

*Uhom^cfs appeND icuLATiTg Link “On Phciseolus mdganSf Mill 
Village, Queens Go, August % 1927, coll and dot A R Prince 
(114) 

Uromvces Aribafmae Cke — On Anaaema irifoha, Upper Brook- 
side, June 15, 1927 (115) 

Uromyces Pabav (Pers) De Bary —On Vxctn Oorca, Onslow, 
August 31, 1931 (1444) 

Urom'vces peuioynius Halstead —On Carex acoparm^ Upjier 
Bnioksido, July 27, 1931 (1157) 

UnoMVf E8 PoAB Rab — On Poa InmaltHy Upper Brooksido, July 10, 
1931 (1266) Ihe first report of this species from Amenca was 
by Fraser (9, p 373), who found it on lianunculua repena and 
Poa inmalia near Pictou m 1910 Arthur {NoriA Am hbra, 
7 750) reports it from Vermont and Alberta also The present 
collection was found some forty miles from the original 
station 

UuoMYCEs Tripoli! (Hedw f) —On Tnfoltum pratens^f Truro, 

September 21, 1929 (253), on T repmSf beach, St Peters, 
Richmond Co, Cape Breton Island, August 3, 1931 (1510a), 
Tnfoltutn ap , Upper Brookside, July 28, 1931 (1510), marsh, 
On^ow, August 31, 1931 (1445) 

Uromyces triquetrus Cke — On Hypertcum ap , Upper Brook¬ 
side, July 13, 1931 (1265) 

Aubiculahiackae 

Auricularia AUuicuLA-JuDAE (L) Bull — On stubs and lunbs of 
Abiea balsamea, New Glasgow Road, June 30,1931 (136), Earl- 
town Road, August 19 and 26,1931 (1367,1367a) Fairly com¬ 
mon on dead coniferous wood 

Eocronartium muscicola (Ft ) Fitap — Parasitic upon the grow¬ 
ing tips of Drepanocladxis unetn^ua (Hedw) Wamst, Upper 
Brookside, July 1, 1933 (1567) 
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Kxioia OLANDULOflA (Bull) Ff “On lafcus; Upper Brookside, 
June 29, 1931, and July 18, 1929 (324, 55), on Alnus, Victona 
Park, Truro, October 19, 1926 (91), roll A R Pnnce (1003?) 
Common, especially on beech 

♦Exidia nu( leata (Sch^\ ) Burt — On Acer, arltown Road, 
AuguBt 19, 1931 (1359) Burt (3, p 372) gucs E ftpiculata 
as being darker, thicker, and more rugose than h nucleata and 
as drying fuacous black Ihis collection, when fresh, showeil a 
variation from gray or violaceous lints through red browns, as 
does E spiculata When fresh, it was puhinatc to rugose and 
as much as 5 mm thick, but it dried down to a faint red-brown 
crust 

*Gyrockphalub RUFUS (Jacq) Bref — On decayed wood. Upper 
Brooksido, July 18,1931, coll A H Smith (1077), on soil, Upper 
Bruokside, August 13, 1931 (1077a) 

•Nakmatmma encephala (Wild) Qu^l — On Abies balsaniea, Mt 
Ihom, August 15, 1931 (1332) 

*Sebacina incrustans (Per<t) Tul — h ncrusting base of fern fronds, 
Middle Ri\ er, Victona Co , Cape Breton Island, August 5, 1931 
(1230), on exposed roots of trees, Upper Brookside, August 12, 
1931 (1230a) 

*Tremblla atrovtbbns (Fr) Sacc — On old sphaenaoeous stromata 
on Salix, Upper Brookside, July 10, 1931 (1059) Fruit bodies 
small, pulvinate, 0 8-3 mra m diameter, smooth or slightly 
roughened or gyrose, scattered, grouped, or confluent, deep 
yellow-or olive-brown at first, becoming black G W Martin, 
who examined the specimen and suggested that it is this species, 
which has not so far been reported from Amenca, gi\ea me the 
following data by letter “Basuha 2- or 4-celled I have seen 
no attached basidiosporea, but there are many globose spores 
which I take to be basidiospores, mostly 6-6 m ibl diameter but 
ranging fnim 4-7 m ” 

♦Tremklla fouacba (Pers) tr — On Abies balsameat St Peters, 
Richmond Co, Cape Breton Island, August 3, 1931 (1233), 
Earltown Road, August 22, 1931 (1^3a) Both these collec¬ 
tions on conifers were small, 2 3 cm in diameter, and brownish 
violet, and are apparently \ ar pioksccns Alb <fe Sohw 
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Trbmella. lutescbns (Pera) Fr -- On Cornm aUem^olxa^ Upper 
Brookside, July 18, 1931 (1057), on Fagua, Upper Brookside, 
July 25, 1929 (92), and on Acer, Upper Brookaide, July 13, 
1929 (117) 

♦Tremklla MTCBTOPHiiA Pk On CoUyhta dryophtla, Mt Thom, 
August 15, 1931 (1309) Regarded by some as an aberrant 
growth form of the CoUybia 

♦Trembllodendron OANniDTTM Berk & Curt — On soil, Earltown 
Road, August 22, 1931 (1500), Upper Brookside, September 4, 
1931 (1501), Mt Thom, August 11, 1927 (11), coll A R 
Pnnce (6163) 

♦Tbembllookndron MERisMAToiDEs (Schw) Burt — On soil, Upper 
Brookside, August 24,1931 (1502) 

♦Trkmeux)dendron paludttm (Schw) Burt — Under hardwoods, 
Mt Thom, August 15, 1931 (1320) 

Trembllodon OEtATiNOSUM (Soop ) Fr ““ On dead wood, Middle 
River, Victona Co , Cape Breton Island, August 5,1931 (1215) 


Dacryomycktacbab 

♦Calocbra cornea (Batsoh) Fr — On Fagus, Upper Brookside, 
July 11, 1931 (488), on Betula, Folleigh Lake, July 20, 1931 
(488a) On Betula there is sometunee a Eattening or a slight 
branching of the apex of the fruit bodies, but for the most 
these are simple ^ ^ ^ 

♦Calocera PAiiMATA (Schum ) Fr — On Ahm haleatt^f 

Lake, July 20, 1931 (488b), on conifer wood, Mt Thom, 
August 15, 1931 (488c) Hiese ooUeoticms on conifers show a 
much greater branching of the fruit bodies The spores (9 5- 
12 X 4 5-5 M and 9-11 X 2 5-4 pi) are also shghUy larger than 
those of C tornea on hardwoods (8 5-10 X 3 5-4 6 ;*)* No 488b 
is somewhat intermediate between these two «^)ecies, with a 
Eattening and branching of the tips, but 488o is tichly branched 
and up to 1 5 cm tall, resembling a small Ctavaria These 
speciraena are too small for C nsoona pot have the rooting 
base of that species They mi^t be placed in € furca^ Fr, 
which occurs on conifers, Imt seem more likely to be C< 
which 10 probaldy an extension of the range of variation of 
C cornea 
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Dacryonutra ramosa, ep nov * (text Fig 3) — Gelatinous fruiting 
heads one or more, 2 ^ mm in diameter, flattened, diskhke at 
first, becoming confluent and convoluted, sometimes sessile, but 
generally upon a well-developed stalk, orange-colored Stalk 
1-8 mm In length, yellowish white, slightly pubescent, more 
fleshy than the hymenophore, usually tapered toward a pointed 
base and branching above into 2-3 short, stout branches which 
bear the hyinemal heads Stipe 3-5 mm in diameter at the 
point of branching Basidia 59^ X 4-5 fit sterigmata varying 



Fio 8 Habit of fruiting bodlos (left) and spores of DacryomUra ramosa 


up to 32 lu in length Spores ellipsoid or somewhat curved, 
apiculate, hyaline, and one-celled at first, becoming 8-oelled and 
somewhat yellowish at maturity Septate spores were seen 
budding off minute secondary conidia, which were bacillar and 
measured 1 5-3 0 x 1 0 m Some spores also seen with germ 
tubes Spores 15-24 x 6 5-8 6 m 
I n general form this species seems to approach most closely 
Dacryopm nuda Massee, which, however, has 3-8eptate, smaller 
spores If the genus Dacryopsis is recognized, this species might 

’ Haayomitra rainoia, sp nov — Capitula aurantiaca golatlnoaa, 2'-6 nun 
diam, intc^um sessilia, sed sacpiMimc distinote stipitona, mventate disciformla, 
dopKSsa, aetato confiuentia, eonvoluta Stipes mm longua, albide lutous, 
Bubpubfwoena, toictura oarnoeior quam hymcnophonuro, plerumque versus basim 
actttam angustatus, infra luroationem S & mm ornstius, sursum ramosus, ranus 
3 vd 3 brcvlbtia, validla, apteo capitula amgula vel phira hymenlalla fercntibus 
Baaidia 50-W g longa, 4-8 m orasaa, stcriitmatibus 82 m non ei^oedentibus 
dporac 15-24 M longae, 6 5-6 5 m craasae, ellipsoideae vel ourvatae, apioulatae, 
amoeUglae vel demum 6*ceUu)aa et sublutescenics, aut germinations tubum pro- 
femntss ant comdia ferentes Conidia minuta secondaria ex spona septatis 
fw^i^UonedenvatahawUari I MO/» longa, lO/^crawa In tnmoo effeto 
eonifero, props Middle River," in Com. Victoria, Cape Breton Island, Nova 
Sootfa, legit auetor Bpeolmlna typlca in Herb Univ Mich ot in coUectione 
aufitorii eotoservata sunt 
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better come within it, but inasmuch as the distinctions between 
these two genera are not well understood, the older and more 
broadly defined generic name is used 
G W Martin, after a study of this material, has suggested 
that It might be a stipitate fonn of Darryomyces j>almaius (Schw) 
Bres It IS true that the spores are identical with those of D 
palmaiust which does sometimes have a somewhat developed 
stalklike base, whereas this species is also occasionally almost 
sessile On the contrary, the stalks of D ramosa are much more 
strongly developed than those of D palmatus and the hymeno- 
phore IB flattened and diskhke, but never flabelhform The 
fertile gelatinous portions are more like the sessile fruiting bodies 
of D abtetmus (Ptrs) Schrdt, which also has identical spores, 
but no stalk whatever It may be that further material will 
prove that these characters of hyraenophore development and 
stalk production are extremely variable, but this collection 
differs to such an extent from both Darryomyces palmaiun and 
D ahtcUnus that it is best considered a separate species 
Dacrvomycrs dvuquescens (Bull) Duby ~~ On beech log, Upper 
Brookside, July 11, 1931 (487) There has been a great deal 
of confusion in regard to this species As defined by Rea and 
Bourdot and Galzin, it probably represents a species complex 
with a range of vanation including both it and the following 
species The collections from Nova SooUa, however, revealed , 
two distinct species withm this range of variation One, usually 
on conifers, was identical with Burt^a interpretation (3, p 382) 
of D deltqueBcenSf a second, usually on hardwoods, answered 
the following description Fruiting bodies yellow to orange, 
2“10 mm m diameter (sometimes hyaline or light yellow on 
under side of log), disk-shaped or becoming definitely wrinkled 
to gyrose A slight whitish foot in the center of the under side, 
but no definite rooting base Spores curved, lacrymose, apicu* 
late, hyaline to pale yellowish, one-celied, becoming four-celled, 
12 5-16 5 X 5-6 M la a recent paper Miss Fisher (8, p 117) 
interprets this second species as D dehque^timB and relegates 
the one which Burt interpreted as D dehqmscms to D minor 
Peck Since this seems to be the correct interjMetation of fphose 
two species, it Is here adopted 

Dacryomyces mikor Pk — On decorticated spruce, Upper Brook- 



251 


Fungous Fl-ora of Nova Scoita 

Hide, June 28, 1931 (311), on Abies, Upper Brookmde, June 28, 
1931 (312), Killag Mines, Halifax Co, July 20, 1931 (311a) 
This species is often found as greganous or confluent fruiting 
bodies extending for some distance along decortuated stubs of 
comfers The fruiting bodies are small (1-2 5 nim) and pul- 
vinate and range in color from white to dirty or smoky yellow 
or dull orange The spores are lacryniose, curveil, hyaline, 
12-15 X 4 6-6 a.nd one-cclled at first, becoming l-3-8eptate 
at maturity 

llACKYOMYcas PALMATUB (Sch\^ ) Bros — On Acer s^picatum, Upper 
Brookside, July 18, 1931 (1083) 

DmoLA KAOicATA Jr — On Abies, Upper Brookside, September 3, 
1931 (1466) Although not on decorticated stems and with 
spores somewhat larger than the sizes given by Bourdot and 
Galzm and Lloyd (Mycol NoteSf 64 990), this is apparently 
D radteata Fries The fruiting bodies are enrrnpent through 
the bark, short-stalked, pezizoid or irregular in shape, 0 5 -2 cm 
m diameter, sometimes m groups of 2-3 and pale yellow at brat, 
becoming darker at mntunty Ihe margin is uHually white, 
smooth or slightly wnnkled, and the stem and the under side 
of the pileus are minutely white floccoso-tomentose Ihe su¬ 
perior hymemal layer is rather fleshy and distmct, particularly 
m cross-section of the dried plant The flesh is tough-gelatinous, 
and whitish translucent throughout Stems stout, 2-6 X 3-6 
mm Spores ellipsoid with a cun ed apiculus, hyaline becoming 
pale yellowish, granular, nonseptate, and 16-19 X 7 m On 
drying, the plants retain their shape and finn texture, and the 
hymemal surface is bright yellow in contrast to the dried plants 
of Femsjoma luteoalba 

♦Fembjonia tuTBOALBA Ft — On Betula, Upper Brookside, Septem¬ 
ber 5, 1931 (i466a), on Fagus, Salmon River region, September 
7,1931 (1466b) This species w as seen in an immature condition 
in the woods for some tune before mature material was collected, 
in the first week m September When immature, with the spores 
still nonseptate, it is similar to D radwala as found on fir The 
mature and dried plants, however, show distinct differences 
The fruiting bodies of F hUeoolba are borne singly or in clusters 
and are thin often confluent The stem and the under side of 
the pxleus may be whitish floccose-tomentose at first, but not 
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at maturity The pilei arc 2-5 cm m diameter and 1 6 cm in 
thickness The spores are ellipsoid, with a curved apiculus, 
hyaline and one»oelled at first, finally becoming pale yellowish, 
granular and 0 12-septate, and measuring 2(K28 X 8 5-10 6 // 
The fruiting bodies are larger and more homogeneously gelati¬ 
nous than those of D radicata^ and the spores are larger and 
many-septate at maturity When dry, the fruiting bodies col¬ 
lapse to a thin, homy, red-brown to orange stratum, which 
condition is quite distinct from that of dry D rodtcaia 

Exobabidiacbae 

♦Exobasidium VACciNn (Fck) Wor — On Vacctmum sp, Victona 
Park, Truro, June 26, 1933 (1540) 

Clavakxackab 

The genus Clavana is quite abundant, m both species and indi¬ 
viduals, in Nova 8cotia Inasmuch as certain species show a great 
deal of variation and as authors express differences of opmion about 
the specific ranges, careful field notes were made of all these collec¬ 
tions The foilowmg list presents only a preliminary survey of this 
genus, and until more extensive field studios can be undertaken m 
order to delimit specific vanations, some collections in the more 
difficult sections must be placed more or less arbitrarily 
Clavakia mucida Pers var CuRTisii Berk -^On decayed wood 
with a coating of algae, Salmon River region, August 1, 1931 
(1203), September 7, 1931, coll A H Smith (1208a) This 
little white form with simple clubs is always associated with an 
algal crust on the uood and is supposed by some writers to be 
hchenicolous. 

•CiiAVARiA subfalcata Atk — On bare soil, Upper Brookstde, Sep¬ 
tember 4, 1931 (1469) Plants small, 15-8 cm tall, J-1 5 mm 
in diameter, growing singly or m small clusters, simple, oylmdno, 
pointed at the apex, often somewhat thickened above the middle 
Color variable, from ^^pnmuUne yellow*' through paler shades 
to a ereamy white m many plants, and in one pi^t pure white 
Stem distinct, shiny, and, in paler plants, a darker yellow than 
the club Spores globose to subglobose, somewhat narrowed 
toward one end, hyaline, smooth, (h7 X 6-^ p All basidia 
seen were 2-spored These plants are difficult to place They 
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have spores mmilar to those of C appahckiermst but are smaller^ 
they are without the long striate clubs and occur on soil instead 
of wood They approach C acuta, but have smaller spores and 
are usually yellow Tlieu* spores dilTer from those of nearly all 
the simple yellow species, but as a whole they seem to approach 
most closely to C eubfalcata The 2-8porod basidia suggest 
C fuscaia, but no garlio-like odor was detected 

KJiavaria GRAOILLIMA Pk (PI LI, Fig 1) — On decayed or buned 
wood, Upper Brookside, August 14, 1931 (1305), September 4, 
1931 (1305a), Salmon River region, September 7,1931 (1305b) 
Between ^‘pale orange-yellow” and “orange-buff” to “deep 
chrome,” 15-4 cm tall, stipe 0 5-1 mm in diameter, fertile 
tip 1-2 mm m diameter Fertile tip tough-fleshy, elastic, dis- 
tmet from the stipe, which is more fibrous and shmmg yellow 
Tip acute Flesh yellow, hymenial layer hgbter in color Ba¬ 
sidia 4-sporod, 7-9 m m diameter Spores ellipsoid, apioulate, 
hyaline, minutely asperulate (at least mature spores), 7-8 5 X 
3 6 m This species has apparently been known only from Peck*B 
type, to which these collections conform in all respects Al¬ 
though often found among mosses, as Peck says, the clubs were 
always attached to buned wood or sticks The fertile tips dry a 
dull yellow or tan, the stipes a more shining yellow or, often, a 
reddish yellow above 

*Ci4AVA»iA WFiPEB Atk — On decayed leaves, Mt Thom, August 
16,1931 (1314) The spores (3 6-4 X 2-2 5 m) were somewhat 
smaller than the measurements given by Coker and Atkinson, 
perhaps because of immaturity 

*Ci*AVAaiA punoHHA Pk — On the ground under imxod woods, Mt 
Thom, August 16, 1931, coll A H Smith (1312), Earltown 
Hoad, August 19, 1931 (1312a) Young plants of collection 
No 1312 show what appear to be oonidia Long slender hyphae 
(1-1 5 M diameter) grow out through the hymemal layer to a 
distance of 20-30 m cut off from their apices numerous 
oblong-cylindrio oomdia, which are hyaline and measure 4-11 X 
1 5-2 M Typical basidiospores were found in these same hy- 
mema and the plants appear normal m all respects, showing no 
Indioaiion of parwtism 

The three species, C pufehra, C aumnf«H?tnno6ann<i, and 
C include a closely related senes of forms There is 
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a good deal of vaiiation m color^ stnicture, and grouping 
of the clubs, but the three can easily be separated by spore 
diaracters and certain other correlated distinctions C fu8t~ 
fomiis tends to have more densely fasciculate groups of clubs, 
which are usually hollow and remain various shades of light 
yellow upon drying, only the tips turning a resinous reddish 
brown The spores are globose, with a central apiculus, and 
measure 5-65 x45-6m In both C pulchra and C aurantto- 
cinnaban7ia the clubs are less densely fasciculate, usually solid 
and in drying tdrn a resinous reddish brown all the way, or 
almost, to the base C pulchra is bright yellow to chrome and 
has oblong spores, flattened on one side, 5 5 7 X 3 5-4 5 Pf with 
an excentnc apiculus C anrantKhCtnnahanna has orange to 
reddish fruiting bodies and the spores are more subglobose, 
5 5-7 X 4 5-5 /i, with an excentric apiculus 

*Clavaria aurantiocinnabarima Schw —On ground in mixed 
woods, Karl town Road, August 21, 1931 C1360a) A oolleotion 
lost m transit showed certain marked deviations from the charac¬ 
ters of C auraniio^inndbartna The tips wore lighter yellow 
when young, the spores were markedly triangular, with an 
apiculus at one angle, and the hymemum containeil dark reddish 
brown conducting organs 3 6-7 p m diameter This may ha\ o 
represented a new species The spores were 5-7 X 4-5 2 p 
The second collection showed similar characters but not m bo 
marked a degree 

Clavaria fusiformis Sower (PI LIl, Fig 2 o) — On soil under 
comfers and mixed woods, Upper Brooluido, July 24, 1931, coll 
A H Smith (1132), Mt Thom, August 10, 1931 (1132a), 
Karltown Road, August 19, 1931 (1132, b-d), Economy River, 
August 31, 1927 (34), coll A R Prince (6213, 6254), Wabii 
Lake, Sheibourne Co , August 31,1928, coll A II Prince (6114), 
Westcook's Cove, Quysborough Co , September 6,1925, coll A 
R Prince (1158) This is probably the moat common of these 
three species 

CtAVARiA VBRMicuLARis Fr — On soll under woods, Upper Brook- 
side, August 18, 1931 (1086), August 23, 1931 (1086a) Clubs 
simple, fasciculate at the base, tapenng upward and downward, 
pure white, cylindrical, hollow, 4-9 X 0 2-0 5 cm Spores ovoid, 
smooth, hyaline, 4 6-5 5 X 3 5 p In the later collection (1086a) 
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the clubs were pinkish tan, the tips collapsed, dirty brown, and 
the spores were somewhat larger, 6^7X2535 jlc In this con¬ 
dition these plants might well be interpreted as the flcMh-colored 
form of € kelveola (C xncarmUx Weinm ) or C Dairn , as 
described by Coker (4, pp 38, 39, 40) 

♦Clavauia puiiPURbA Fr emend Kauffm — On soil under conifers, 
Salmon Rner region, August 18, 1931 (1345), August 24, 1931 
(1345a) Gregarious, clubs simple, single or cespitose, young 
plants “light grayish vlnacoous" toward tips, lighter creamy 
toward base Older plants “pale ochraceous-buff" to “pinkish 
buff,'* often with shades of pale amethyst (“light \maceous- 
gray") Tips soon shrinking and becoming dirty grayish brown 
Base whitish tomentose Clubs 3-12 cm tall, 15 5 mm thick, 
fleshy-fibrous, brittle, fusiform, straight or sinuous, hymenium 
often peeling away, stuffed, becoming hollow Odor nom , taste 
none or faintly fishy Hasidia 4-Bpored, 6~7 m in diameter 
Spores ellipsoid, hyaline, smooth, slightly apiculate, often in¬ 
equilateral or curved, 5 5-^7 X 3 4 p Some giant sptires, 8 10 X 
4-5 were also seen on 4-sporod basidia of No 1345a llie 
hymemum is thickly studded with stout, h>aline, cyhndnc 
oystidia, which are 45-fiO X 7 9 fx Kauffman (13, p 143) has 
pointed out that specimens of C purpurea in Sydow, Myc 
Germ No 1833, although similar m all other respects to C 
fumosaf show large cylindrical cystidia in the hymenium These 
specimens agree very well with Kauffman's emended desenp- 
tlon of this species At the same time Kauffman desenbed a 
second species, € fumosoideSf from Quimault, Washington, which 
differed in its smaller spores (7-9 (10) x 3 5-4 ^ p in C purpurea 
and 5“6 (7) X 3^ pinC fumosotdes) and its occurrence in open 
fields instead of m fir woods The writer's collections have the 
small spores of C fumosotdesp but were found in spruce and fir 
woods It is also interesting to note that giant spores, similar to 
those of C purpurea, occurred in one of the specimens An ex- 
ammation of Kauffman's type of C funmoides shows the spores 
to b© 6-8 X 3-4 p The spores of Sydow's specimen are slightly 
larger (7 5™9 2 X 3-4 5 m)» but there is not sufficient distinction 
for specific separation In view of these facts it seems that 
C Jumos&tdes should be regarded as a synonym, or at most a 
habitat form of C purpurea Fr 
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Clavabu tiauLA Schaeff (PI LII, Fig 1) — Under eomfers, 
Salmon River region, August 13,1931 (1297), Upper Brookside, 
August 4, 1931 (1297b), August 20, 1931, coil A H Smith 
(1297a), September 5, 1931, coil A H Smith (1297c) Oc¬ 
curring locally but gregarious and m large troops in coniferous 
woods 

Clavaria pistiliaris L — On soil under hardwoods, Upper Brook- 
side, August 27, 1931, ooU A H Smith (1417), FolJeigh Lake, 
August 29, 1931, coll A H South (1417a) These specimens, 
here referred to C pistdlans, were olongate-clavate, somewhat, 
but not abruptly, swollen above The spores were 8 6 9 6 X 
5-7 5 m 

♦Clavaru inj»coi 0 B 8 L — On soil, Eaiitown Road, August 19, 
1931 (1363), on old stump, Earltown Road, August 22, 1931 
(1388) Specimens without the rank fannaoeous taste men¬ 
tioned by Coker, spores globose to subglobose, smooth, hyaline, 
5-7 X 5-6 M 

♦Clavaria (Lachnociadium) ornatipbs Pk — On mossy bank 
under hardwoods, Lake O'Law, Inverness Co, Gape Breton 
Island, August 5,1931 (1218) 

♦Clavaria iavendiila Pk — On soil under hardwoods, Salmon 
River region, August 18, 1931, coll A H Smith (1347) Deep 
amethyst violet (“nrgyle purple^' to “Bishop's purple")# 4-5 
cm tall, cespitose with the bases mors or less fusjsd, deshy^ 
very brittle Clubs erect, sinuous, terete to somewhat flattened, 
surface rugose, simple or with 2-3 branchee or with short obtuse 
branches at the apex, 1-4 mm in diameter, bases lighter, gray 
to cinereous Odor slight, taste slightly farinaceous Tips dried, 
brown, hairUke Spores ellipsoid, h 3 mline, flattened on one side, 
5-6 X 35-4 m Coker(4,p 90) conkdert this species a synonym 
of C amethydtna There is confusion In regard to the interpre¬ 
tation of C amethy$tina and a wide variation in spore measure^ 
menta is given for it (see Bourdot and Gaisin, p 107) Since 
Peck's desedpUon and spore measurements for U Umndula fit 
our plant veiy closely his name U retained for thUse collections 

♦CtATABiA cROcEA Pers — On leaf mold, Eaiitown Road, August 13, 
1931, coll A H Smith (1361) 1-2,5 cm tall, d^p oremgie- 

ohrome, main stalk long and slender, up to one centimeter 
Branching regular, dichotomous, 3*4 times, open Tips Uunt, 
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2 - pronged Spores globose, hyaline, 2 5-3 5 in diameter 
Taste bad, odor none A very beautiful little plant in fresh 
condition 

*Clavaria suBTXLis Pers (?) sensu Oudemans — On moss or humus, 
Earltown Road, August 21, 1931 (1379), August 22, 1931 
(1379a) Small, 1-2 cm tall, pure white, occasionally simple 
but usually branched 1~3 tunes m an antlor-like fashion Pri¬ 
mary stalk 5“ 12 mm long, 0 5 1 mm thick, secondary branches 
dichotomous or fascicled, often flattened, 0 2-1 mm thick, angles 
rounded giving an open branching Tips concolorous Base 
sometimes slightly darker Spores 8ubglobt>se, hyaline, smooth, 

3- 3 5 X 2-3 M These plants have the bmld of C crocea but 
are white They might be mistaken for young plants of C 
iCunrct, having spores and texture similar to those of that 
species but showing certain differences os follows These plants 
are single with a definite pnmary stalk 5 12 mm long and 
usually few, comparatively fine (0205 mm thick) open 
branbhes, whereas C Kunm^ even in young plants, is fas¬ 
ciculate, branching from the ground line and with mam branches 

1 5 mm m diameter and ^ith even the secondary branches or 
tips 0 6^-2 mm in diameter 

This species seems to be either the C 9ubUhs or C macropua 
of Persoon (20, p 51) In his figure (PI I, Fig 2), he shows 
two plants with two names in vertical column If the upper 
name (C aubtihs) refers to the left-hand figure, this species 
resembles C crtstofa, and the right-hand figure (C macropua} 
resembles our plant Coker (4, p 95), however, states that 
Fries' interpretation of C macropua (based on specimens col¬ 
lected by Fries and deposited at Kew) would place it as a 
synonym of C cnatata Coker gives C aubtihs as a doubtful 
synonym of C Kwmt Renouf (21) and Bourdot and Gaisin 
(2) describe the spores of both C 9ubHli$ and C macropua as 
oblong to subglobose and larger than in our plants There are 
several descriptions of C aubUlta m the literature, however, 
which fit TOUT plants very well That of Oudemans (19, p 674) 
follows “Esp^ terrestre, name, simple ou ramcuse (une ou 
deux fois bifurqu^), k tige et rameux grdles, blanos ou gns4tre- 
Ip&le, atteiguant k peu pr^s ie m6me niveau Spores mcolores, 

2 4 3 5 ju en diam Hauteur de nos exemplaires 14 2 cent, 
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^paisscur i A mill ** This oonforms to the plant referred to 
by Cotton and Wakefield (5, p 196) as a slender white to pale 
yellow species which would pass for the C subiths of Rea except 
for the subglobose spores, 3 ^ in diameter Our plants are 
therefore referred to C suhtihs as interpreted by these authors 

( LAVARiA Kunzei Fr (PI LII, tig 2 1 ) — On much-decayed wood 
or soil, Mt Thom, August 10, 1931, coll A H Smith (1250), 
Upper Brookside, August 14, 1931 (1260a) Pure snow-white, 
sometimes with yellowish discolorations toward the base, 2 4 
cm tall, clustered Fragile, fleshy, but somewhat elastic, break¬ 
ing up at the base into several stout main branches, 2-4 mm 
in diameter Branches somewhat flattened or expanded upward, 
in groups of 2-4, ascending at a wide curving angle giving an 
open, stout branch system Ultimate tips short, stout, pointed, 
numerous Baanlia four-spored, 4-4 5 /x in diameter Spores 
hyaline, globose, minutely echinutate, 2 5-3 (3 5) /x in diameter 
1 astc none, odor slight 

These plants often had a much more flattened and cristate 
branchmg system than those shown m Coker's figure (4, PI 29), 
as 18 apparent by a companson with Plate LII, Figure 2 c His 
plate shows plants with a habit more hke that of the plants 
here referred to C mhiihSf but much larger and more densely 
branched Some of the plants seen m Nova Scotia also approach 
this habit 

Clavaria cbistata (Holmsk ) Pers — On sod under mixed woods, 
Upper Brookside, August 8, 1931 (693), Victoria Park, Truro, 
July 23, 1931 (593a-b) Probably the most abundant of the 
species of Clavaria Also one of the most variable € cxnerea 
and C rugom are regarded by Coker as merely varieties or 
forms of this species, which is probably the correct interpreta¬ 
tion, since all intermediate forms can be found Generally, 
however, the plants can be easily referred to one or another 
of these groups, and our csollections have been so distnbuted 
under these three names 

CnAVARiA cmERBA BuU — On soil under mixed woods, Victoria 
Park, Truro, July 23, 1931 (1131), August 16, 1929 (249), 
Five Mile River, Hants Co, September 1, 1927 (73), coU A R 
l¥inoe (6218) The same as C cnstala but dirty wWtish, “hght 
gull gray” to “deep plumbeous” instead of white These plants 
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dry tt graywh or cmereoufl yellow instead of a clear chamois, as 
in C crxHiaia Very common 

Clavaria rugosa Bull -* On soil m mixed woods, Upper Brook- 
side, August 14, 1931 (1306), Farltown Road, August 22, 1931 
(H06a) This form of C cnstoia is less common than are the 
other two The clubs are stouter, simple or lobed, irregular, and 
rugose, and they generally appear deformed Plants of ( cris- 
taia which are parasitized by Rosellmxa Clavanm (Tul) Rehm 
(PI LI, Fig 2) have a similar appearance, ami it is fxissible that 
plants placed m tins species owe their characteristic appearance 
to a parasitism which is not manifest in any other way The 
plants dry a yellow ocher 

*Clavaria FiiACCiDA Jr —On duff under spruce and hr, Salmon 
River region, August 1, 1931, coll A H Smith (1196), Mt 
Thom, August 15,1931 (1196a), h arltown Road, August 21,1931 
(1196b-c) Oohraceous, “chamoisto “hght-orange-yellow/* 
1 5 6 cm tall, with a definite short stem rising from a mycelioid 
base Branching more or less fasciculate, angles rounded to 
acute, ultimate tips fine, iaper-p<iinted, lighter in color, often 
incurved Plants tough-fibrous, flesh white Basidia 4-spored, 
7 ^ m diameter Spores ellipsoid, brownish, apiculate, minutely 
spinulose, Q-S 6 X 3 -4 m Base of stem whitish Odor slightly 
fragrant, taste shghtly aend No greenish stains on plant 
Coker considers this species a synonym of C abieitnaf but the 
plants here referred to that species differ m several respects 

Clavaria ABiBiiNA Pers —On duff under spruce and hr, Upper 
Brooksidc, August 16, 1931, coll A H Smith (1320) Olive- 
ochracoous, smaller than C flacetda^ 1-2 5 cm tall Stem with 
white mycelial base, branches erect, stout, irregularly fascicu¬ 
late, tips short-pointed Turning sage-green where bruiwnl, 
esfx'cially toward base Taste shghtly bitter Spores cUipsoid- 
apiculate, brown, finely echinulate when mature, and 7 X 3 m 
D rying a greenish to yellow-olive C flacetda differs from this 
species m the usually larger size, ochraceous or tan rather than 
olive shades (whether fresh or dry), and the lack of any greenish 
stains 

♦Clavaiua subcica Fr — On decaying leaves or needles under hard* 
woods or conifers, Earltown Road, August 19, 1931 (1362), 
August 21, 1931 (1362a), Upper Brookside, September 4, 1931 



260 


Lewis E Wehmeyer 

(1362b), Economy River, August 31, 1927 (54), coll A R 
Prince (6211) A characteristic species occurring greganously 
m troops on leaf mold and duff Plants 2-5 cm tall, pinkish 
tan to flesh color, pellucid, with a white tomentose base, which 
contmues throughout the substratum as numerous white mycelial 
strands Flesh tough and elastic Tips short, acute, whitish 
Base and lower axils with orange^brown scurfy areas Spores 
ellipsoid, minutely aeperulate, hyaline or pale brownish, 7-8 5 X 
2 5-4 fx Odor musty or rancid, taste bitter 
Clavaria ORAcrLis Pers — Usually on moss, under oomfers, Upper 
Brookside, August 20, 1931, ooU A H Smith (1372), under 
hardwoods, Earl town Road, August 21, 1931 (1372a), Five 
Mile River, Hants Co, September 1, 1928 (60), coll A R, 
Pnnoe (6220) A graceful little species also oocurnng in troops 
and arising from a basal system of mycelial strands which mat 
the leaves or duff together The plants are white to fleshy white, 
somewhat watery, darker below, ffeshy-Bbrous, not brittle but 
pliable, with a primary stem 1 5 cm long and 2-4 mm in 
diameter, branching in an irregular fashion into a number of 
slender, erect, often sinuous branches with the tips taper*pointed, 
often curved Spores ellipsoid, apiculate, hyaline to pale brown, 
5-B X 3-3 5 M Odor faintly sweetish, taste none or slightly 
bitter 

♦Clavaria byssiseda Pers — On beech or hardwood leavemBalmaft 
River region, August 18,1931, ooU A H Smith ( 1340 ) » tJpper 
Brookside, September 3, 1931 (1346a) This is the third of the 
tough fleshy-fibrous species found fn troops arising from the 
mycelial strands of a matted substratum Plants up to 5 cm 
tall, pale pinkish ochraceous ('Might ochraoeous-salmon”)* t>ps 
paler (‘'pale ochraceous-salmon*0» darker Whitish myce- 
loid base soon breaking up in a fasoleulate manner into a number 
of secondary branches, which again divide into fine, erect 
branches with the ulUmate tips long, fine, threadlike, acute, 
divaricate, or curved Spores elUpsoid, hyalhie, apiculate, some¬ 
what “swaybacked/' smooth, 10-14 X 2 5^ 5 Ai This spedes 
18 apparently variously interpreted, but our plants fit very well 
the description given by Coker A reddidi color when bruised 
was seldom noUoed, and no greenidi tips, which have been re¬ 
ported by some European authors, were seen 
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The following large, fleehy species of the section Ramana 
are the most difficult to place They show a great deal of vana- 
tion in nature in many of the very characteristics used for 
specihc separation such as color, color changes, stature, taste, 
and odor There also have been a large number of species 
based on such characteristics and there is a wide difference of 
opinion in the interpretation of the older species llie writer 
hopes to have further opportunity to make field observations 
of these difficult but interesting species in order to determine 
more accurately the specific hmits within the group For the 
present the collections are referred to those species which they 
approach most closely, aithough there is seldom complete agree¬ 
ment with the desenptiona 

Clavabia flava Sehaeff senm Coker —Soil under hardwoods, 
Folleigh Lake, August 29,1931, coll A H Smith 1429), Upper 
Brookside, September 5,1931, coll A H Smith (1429a) Plants 
7'“20 cm tall, 7*18 cm or more across, ** Naples yellow,” ** anti¬ 
mony yellow,” “pale orange” to “ochraceous-orange ” Base 
massive, breaking up into large main branches, 1*3 cm thick, 
which break up rapidly into a dense, erect, brushlike mass of 
finer branches, 1-6 mm m diameter Branching irregularly 
dichotomous, Intemodes often long and slender, angles acute, 
rounded, tips short, blunt-pointed, bifid to qusidrifid Flesh 
yellowish or pinkish No stains seen Odor faintly sweetish, 
taste none Spores ellipsoid-cylindric, apiculate, hyaline becom¬ 
ing pale brownish, smooth (or minutely rough), 9 &-11 X 3 5 m 

Tins plant fits very well Coker's desenption of C fitwa Sehaeff, 
although the spores are somewhat larger The C flam Fr of 
Cotton and Wakefield has larger spores (11-14 X 4 5 and 
shows reddish stains where bruised 
♦Clavabia flava var aubka Coker —* On damp soil under oom- 
fers, Folleigh Lake, August 29, 1931 (1428) “Orango-buff” to 
“mikado orange”, where protected, lighter yellow, “amber yel¬ 
low” to “apricot yellow”, base white Plant 5*12 cm tall, 
base branching Into a number of stout main branches, 10*17 
mm in diameter, which in turn branch into a number of erect 
curved, thinner branches with rather long intemodes Ultimate 
tips cuspiike, very short, in groups of 3 or 4 Flesh yellow, 
rather crisp brittle, fibrous Tips tuminf reddish vinaoeous, 
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Odor faint, unpleasant, taste none Spores elUpsoid-oblong, 
apiculate, hyaline, smooth, 7-8 5 x 3 6 m — This plant differs 
from the collections placed under C flava in the darker orange 
color, reddish vinaceous tips, aiul smaller spores It seems to 
be closest to Coker's var avna 
*CLAVAriiA OBTUsmsiMA Pk — ()n soil under conifers, Earltown 
Hoad, August 27, 1931, coll A H Smith (1412), Upper Brook- 
side, August 27, 1931, coll A H Smith (1414), Upjier Brook- 
side, August 27, 1931, coil A II Smith (1416) Plants rather 
large, 9-15 cm tall, “warm buff" or “amber yellow " to “light 
ochraceoua-buff “ or “ buff-y< How” when fresh, tips lighter or more 
yellowish, “baryta yellow” to “apncot yellow” Base white, 
massive, rooting, 2-5 cm m diameter, breaking up into a num¬ 
ber of stout main branches at the grcmnd line, and rebranching 
into finer, upright, crowded stems, 1-5 mm in diameter Inter- 
nodes rather long, ultimate tips short, blunt, ousphke Flesh 
white, fleshy, fibrous, bnitle, or somewhat elastic Spores 
eltipsoid-cylmdno, apiculate, hyaline to pale brown, smooth, 
10 13 X 3-3 5 y. Odor faintly sweetish Although very simi¬ 
lar m general appearance, color and spores, the three ooUeotions 
differ in minor details and are very difficult to place definitely 
Ihey are similar to the plants referred to C sect^nda, but the 
spores are longer and narrower In No 1415 the tips and bruised 
places turn a dull cinereous violet or reddish color very slowly 
and the tips dry a dull reddish In No 1412 the ylplkoeous or 
reddish stains, where bruised, as in C rufescenSf are marked, 
but the spores are not stnated, as in (7 rvfescens The main 
stems of No 1412 are beset with numerous short, tooth-like 
branohes, as in C secumla (according to Coker), but it does not 
have the odor or the broad spores of that species No 1414 
was “amber yellow“ to “mustard yellow,” with a distinct 
pinkish caste and concoloroua tips, and m this respect it ap¬ 
proaches C formoaa, but it did not have the yellow tips or the 
broad rough spores of that species It is probably the northern 
pinkish form of C oUu$tB9ima mentioned by Coker 

SECUNDA Berk & Curt serww Coker —On soil under 
conifers or hardwoods, Victoria Park, l>uro, July 22, 1031 
(1116), Upper Brookside, July 24, 1931, coll A H Smith 
(1116a), August 20, 1931, coU A H Smith (1371), Follelgh 
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Lake, August 29, 1931, coll A H Smith (1371a), August 26, 
1931 (1371b) These plants are 4-11 cm tall and have the 
build of C obtusisstma as gnen abo\e, but are creamy white to 
pale tan with tints of pale pink or flesh light orhraceous- 
salmon** to “ buff-pink/') rather than with the yellow shades of 
C obiustastma T^ps concolorous or lighter or pinkish, often 
turning reddish brown or cmereous*vinac-t ous where bruised or 
aged Odor and taste none or slightly sweetish Spores ellipsoid, 
apiculate, hyaline or pale brown, shorter and broader than in 
C obluatsstmaj ochraceous in mass, smooth, K 5~10 X 4-5 p 
(7“8 6 X 3 5-4 5 p m No 1116) Referred to C scennda as 
described by Coker, although the odor of rancid ham vias not 
noted Coker gives the spores of the type of C arcunda as 
10-12 X 4 6-5 5 p, but Burt gives them as 10-13 X 3 5 4 5 m 
B urt's measurements are again of the typo here referred to 
€ ohtusxaaima No 1116 is a smaller plant {‘i ? cm) with 
smaller spores and agrees very well with € verna Coker except 
that the growth is decidedly not lax and open but dense and 
crowded Coker's plate of C wmo indicates that he may have 
had only young plants 

*Ci*AVARiA XANTHOse^RMA Pk —On Still, mixetl w«x>ds, Victoria 
Park, Truro, July 22, 1931 (1117) Plants 7 9 cm tall, 4-6 cm 
across, '‘ivory yellow," “cream color" or "Naples yellow" to 
"cream-buff," showing dull vmacoous tints where bruised Base 
stout, stemhke, 1-15 cm m diameter, breaking up into stout 
secondary branches, 6 12 mm in diameter lertiary branches 
closely compacted, erect with a broad curving angle, slightly 
lacunose, irregularly branched, taper-pointed, somewhat brighter 
yellow Flesh colorless, somewhat watery gelatinous, fibrous- 
tough Hymenium filled with gelatinous, granular gloeocys- 
tidium-hke elements which may be young basidia Basidia 
8-9 M in diameter Spores oblong-elhpsoid, flexuous, "sway- 
backed," bent at one end and apiculate at the other, light yellow 
brown, 12-14 X 2 5-3 5 m This species is distinguished by the 
pale ivory color end the long flexuous spores It is also very 
close to C dibtda Pk and C craaaipea Pk 

Clavaria STRicTA Pers (PI LII, Fig 2 b) ~ On hardwood log^, 
New Glasgow Rood, July 25, 1931 (1133), Lake O'Law, Inver¬ 
ness Co, Cape Breton Island, August 6, 1931 (1133b), Mt 
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Thom, August 10, 1931, ooll A H Smith (1133c) ** Light 

buff*' to “pinkish buff," with vinaceous tints where bruised, Ups 
concolorous, usually with a yellowish or orange bloom in the 
axils, branching dichotomous Spores oblong-elhpsoid, apiou- 
late, hyaline to pale ocher, 7-8 5 X 3-4 m 
♦CiAVARiA ACRis Pk — On conifer logs, Killag Mines, Halifax Co , 
July 30, 1931 (1133a, 1179), Salmon River region, August 8, 
1931 (1179a) Stems “buff-pink" to “vinaceous-cmnamon," 
tips somewhat lighter, “light Congo pink” to “ vmaceoua-pink " 
Branching more fasciculate than dichotomous, areas of yellowish 
bloom lighter or absent Spores ellipsoid, apiculate, darker 
brown than m C slnda, 6-7 X 3 5-4 6 /* Taste slightly or 
tardily acrid, odor slight This species is very shnilar to C 
stncta, but is found on conifer wood and differs m degree in 
the characters mentioned above Both these species are quite 
common 

♦Clavaria ptxidata Pers — On decayed logs, Upper Brookside, 
July 24, 1929 (27), July 10, 1931, coll A H Smith (604) 
Kauffman (13, p 146) dcsorib^ a species, C piperaUit as similar 
to C pyzuliiia but differing in growing on a coniferous sub¬ 
stratum, In the presence of cystidla, the subglobose brown 
spores, and the peppery taste Unfortunately, the substratum 
of the collections cited above was not recorded There arCi 
present, however, long-pointed aoicular, hyaline cystidu^ ^ 

project 16-20 /* beyond the hymenium On the ^ 

spores are oblong, 3 3-4 6 X 2-2 5 m and hyaline, as in C pyxv- 
data The peppery taste was slight and developed tardily 
Further field observations, it is hoped, may serve to clear up 
the question of the existence of another speeM^ 

•PiSTitLARtA MicANs (PcTs) Ft ^ On decayed sttois of Ctmum sp, 
Salmon River region, July 7,1933 (1576) Gregarious, olavate, 
pink, 0 6-1 mm tall, 250^50 /* m diameter, with a short, sterile, 
white, translucent base Minutely pubescent under a lens on 
account of the protruding sterigmata and sporea Basidia two- 
spored, 8-0 /* m diameter, sterigmata 7 /* long, spores hyaline, 
one-celled, ellipsoid, slightly apiculate, 8 5-10 5 x 6-6 /* No 
Bclerotial base 

oyhans (Batsch) Fr — On fallen leaves, Earltown Road, 
August 21, 1931 (1776) Plant# 8-20 mm< tall, pure white to 
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dull creamy white, translucent, ansing from small, black, sub- 
globose tubers, 0 5-1 mm m diameter Stipe distinct, glabrous, 
terete, 0 1-0 2 mm m diameter, 5-16 nun long Fertile club 
thicker, 0 2-6 4 mm in diameter, cylmdric-clavate, 2-4 mm 
long Hymemum about 40 /i thick Trama of large hyaline 
hyphae, 8-10 /x m diameter Spores elliptic, somewhat flattened 
or curved, hyaline, 5-5 2 X 2 m The descriptions in the litera¬ 
ture, by Fnes and other authors, of this species give the stipe 
as “pubescent “ Batsch (1, PI 28, Fig 164), however, says 
“gans mit cinem hell-weissigen Puder beetrcut,“ which may 
well be His figures also fit our plant perfectly, and if Patoml- 
lard’s spore measurements of 6 X 2 /x are accurate the species 
is undoubtedly correctly identified 
♦Physalacria xnflata (Schw) Pk — On decorticated branch, Earl- 
town Road, August 21,1931 (1384) 

tlNivaasiTT or Michigan 
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CARPEL ANATOMY OF THE BEAN 
{PHASEOLUS VULGARIS L) 

KDWARD h ^OODCX)CK 

A VERY complete study of the vascular anatomy and morphology 
of the vegetative portion of the Ijean plant has been made by 
Doutt (2), but very little concerning the dt tailed strudure of the 
mature fruit has been published Nelson (5), in his studies of bean 
mosaic, briefly described the general arrangement of the vascular 
tissues of the bean fruit 

The earlier researche<s on the fruit of the Loguminoseae liad to 
do with the embryology Schluden and Vogel (7) descnbeil floral 
development and endosperm formation in more than fifty species of 
this group Tulasne (H) described the embryo of iMihyrus iphaca, 
and Hoffmeibter (4), that of a number of Legumiuoseae Hegcimaier 
(3) reported on the embryology and endosperm development of 
Lupmus Saxton (6) studied the development of the embryo sac and 
embryo of Cama tonuntosa Weinstein (9) made a careful study of 
the cytology of the gametophytes, fertilization, embryo, and endo** 
sperm development of PhaseoluB mtlgam Brown (1) reported on the 
development of the embryo sac and embryo in hve vancties of 
PhasevluB vulgana 


MliTHOnS AND OBStRVATIONS 

The anatomy of the fruit was observed by making cross and longi¬ 
tudinal sections with the microtome and staining them with contrast 
stains Free-hand sections were also used in making some of the 
mtorpretations 

The bean fruit is a dehiscent, monocarpellary, unilocular structure 
having one parietal placenta and several seeds attached along the 
placental region In the young flower at about the time of fcrtiliza- 
iion the carpel is a flatten^ structure, which becomes hollowed out as 
development proceeds The ventral suture, which bears the ov ules, 
baa ansen in the process of evolution by the umon of the margins of 
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the sporophyll The dorsal suture corresponds to the midrib of the 
sporophyU The inner tissues of the pod, next to the locule, corre¬ 
spond to the spongy region of a dorsiventral leaf, and the outer tissues, 
to the palisade 

By carefully splitting a pod apart along the ventral suture and 
along the median line of the dorsal suture it is observed that the 
alternate ovules are attached to opposite halves of the carpel, as 
Nelson has shown (PI VI E) This suggested to Nelson and Doutt 
that there might be two distinct v ascular bundles in the ventral suture 
region of the pod Their observations showed this to be true, but no 
detailed study of the vascular tissue was earned out 

These two bundles correspond to the two main lateral vema of the 
leaf Since alternate ovules in the carpel are attached to each of these 
two bundles, half of the ovules have a different vascular supply from 
the other half Thus in a carpel containing six ovules, ovules one, 
three, and five have a vascular connection with one bundle while 
ovules two, four, and six are connected to the adjacent, parallel 
bundle The ovules have no direct vascular connection with the single 
large dorsal bundle of the carpel 

The outer epidonms of the carpel wall consists of cells nearly 
isodiametric m transverse section (PI LIV, Figs 1, 3) A study of a 
section through the stoma (Fig 1) shows that the cell adjacent to the 
guard cell is pushed out to such an extent that the large substomatal 
air space is almost completely cut off from the stomatal aperture 
This large air space is connected with other smaller air spaces ^tween 
the small, somewhat rounded odls of the adjacent tissue Direotly 
below the epidermal cells is a few-oelied layer whose cell walls are 
slightly thickened and in which there are no interoelluiar spaces The 
tissue region below the loosely arranged parenchyma of the carpel 
wall (Fig 3) is formed by elongated polyhedronnshaped cells, Uie long 
aadi of which is at right angles to the long axis of carpel In this 
region appear the vascular bundles which have arisen almost entirely 
as branches from the large dorsal bundle A few oelis below this 
region, toward the locule, are numerous small, nearly isodiametrio, 
parenchyma cells, among which there are no intercellular spaces 
The remaining portion of the carpel wall is made up of larger, close* 
fitting, poiyhe^ parenchyma cells There is no well-developed 
epidermis next to the loooie The writer has made no study of the 
tissue changes which occur in the carpel wall as npening oeours* 
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A careful study was made of the course of the vascular bundles In 
the carpel wall and in the ovule Doutt (2) states that the traces to 
the pistil consist of the portions of the bundles of the central stele, 
which do not pass out as traces to the bracts and to the three other 
whorls of floral parts These divide and form a more or less continu¬ 
ous circle of twelve bundles m the stele Six of these bundles move 
toward the posterior or ventral suture and six toward the anterior or 
dorsal suture The writer finds that, after leaving the base of the 
pistil, only two of the twelve bundles form the ventral suture bundles 
(PI Llll, Fig 1) The other ten bundles form an anastomosing 
system (Fig 2) which constitutes most of the vascular supply for the 
rest of the carpel wall The dorsal region of the carpel is supplied 
by a union of two of the ten bundles This large compound bundle 
extends the length of the carpel and gives off branches to the carpel 
wall The two ventral bundles only occasionally give off branches 
which connect with the rest of the vascular system of the carpel 

The vascular supply to each of the several ovules la of much 
interest A senes of cross-sections through the carpel from the base 
to the apex shows tiiat each of the two vascular buncos of the ventral 
region {Fig 3) is composed of two rather distinct regions The 
larger outer region is composed of three or four radiating rows of 
thick-walled tracheary elements These rows are separated by paren¬ 
chyma cells and are associated, toward the outside of the carpel, with 
small, thin-walled phloem cells The smaller region is nearer the 
center of the carpel and is separated from the larger region by several 
parenchyma cells This region is also adjacent to the ventral suture 
area and shows very bttle if any anastomosing with the larger part 
It is from this smaller part of ea^ of the two ventral bundles that the 
vascular supply is formed to the ovules The alternate ovules in a 
carpel are thus each supphed from this small bundle In the region 
of the funiculus there occur much anastomosing and twisting ol the 
vascular elements (PI LIII, Fig 5) 

The funiculus of the ovule Is somewhat Shaped (PI LIV, Fig 2), 
since the point of orlgm is at one side of the median hne of the ventral 
region of the carpel The distorted vascular elements become normal 
In ^lape and position as the vascular strand leaves the fumculus 
(Pi illl, Fig, 4) The xylem portion of this bundle is toward the 
Bt)dar end of the oarpd 

The eoum of the vascular tissue through the funiculus and into 
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the chalaza and integument region is diagrammaUcally shown In 
Plate HV, P'lgures 4 and 7 Soon after the bundle passes through 
the hilum region of the ovule (Fig 4) it bends toi^ard the chalasal 
region and divides into three bundles (Pig 7) The central bundle 
continues to the chalasa, where it makes an abrupt turn to reach the 
base of the nucellua and integuments The other two branches form 
a horseshoe-hke structure, with the open end near the microphyle and 
with the long axis of each nearly parallel with the long axis of the 
carpel (Fig 6) There are sent off from these branches others which 
anastomose to form the vascular supply of the integuments (Figs 5,7) 

SUMMARY 

The unilocuiar monocarpellary fruit of the bean is supplied by a 
vascular system which arises as twelve bundles at the base of the 
carpel These become arranged m such a w ay that there are two large 
ventral bundles and one large compound dorsal bundle with the inter¬ 
vening region of the carpel supplied largely by the anastomosing of 
the other eight bundles and by branches from the dorsal bundle 
The smaller independent portion of each ventral bundle gives off a 
branch to each alternate ovule, smoe half of the ovules are attached to 
the region corresponding to the margin of the sporophyli and the 
other half are attached to the other margin Soon after the vascular 
bundle enters the ovule it becomes divided mto three portions The 
central part goes to the chalasa^ and each of the other two divisions 
goes mto the integuments along the side of the nuoellus and sends off 
anastomosing branches 

MrcHidAK Stats CoLLEas 

East Laxsinq, Michiqax 
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EXPLANATION OF PLATES LIII-LIV 

Carpel of Phaseolut vulfftintt L 

Abbreviations A, area shown m Plato LIV, Figure B, B, plane of eection for 
Plate Ltn> Figure 1, CB» carpel wall bundle, OH, chalasa, DB> dorsal bundle, 
E, cpidernus, EM, umbrjo, F, funiculus, G, guard cell, H, opening In hilum, 
I, integuments, IE, inner epidermis, LP, largo part of ventral bundle, M, 
mlcropyle, O, ovule, P, phloem, PB, primary bundles of Integuments, PL, 
plane of section for Plate I HI, Figure 2, S, small part of ventral bundle, SB, 
secondary bundles of integuments, T, thick-walied cells, V, vasoular bundle of 
fumculus, VB, ventral bundles, X, xylem 

FtATB LIU 

tia I Cross-section of carpel just above base Section cut through plane 
Indicated by broken line fl in 1 igure 2 X 16 

Fro 2 liongitudinal section through base of carpel Plano of section indi¬ 
cated b> brok< n line in I igure 1 X 16 

I^Q 3 Cross-section of ventral bundles of carpel X 80 

Fio 4 Cross-section of funiculus bundle as It passes through hilum region of 

ovule Xylem portion is toward mlcropyle X 320 

I IQ 6 Cross-section of funiculus bundle as it enters the funioulus, showing the 
distorted vascular elements X 207 

PfATB UV 

Fio 1 Cross-section through stnma and substomatal region X 207 
Fr<i 2 Diagram of civisa-sectKm of carpel through ovule 
h IQ 3 Detail of carpel w ail Area Indicated by A m Figure 2 X 75 
1 lo 4 lx>ngitudijml section of carpel wall and ovule X 12 

!< lo 5 Longitudinal section of ovule cut to show the secondary bundles, which 
ansa from the two largt lateral primary bundles of the ovule X 16 

Fia 6 Longitudmal section of ovule out along axis of the two large lateral 

bundles X 16 

Fia 7 Diagram to show arrangement of vascular bundles in ovule 
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SOME RESUPINATE POLYPORES FROM THE 
REGION OF THE GREAT LAKES VI 

DOW V BAXTI-n 

K nowledge of the North American resupmatc poly pores began 
with the early collections of Ravent 1, ( urtis, h Ills, S(h\\eimtz, 
and Peck During the periwl of their \\ork tins knowledge found 
expression chiefly in short diagnoses of the sptues binte that time 
so many other plants have been described and so many variations 
of former species discovered that it is now generally re^^ognized that 
the species are particularly difficult to identify 

The studies reported thus far m this senes of investigations have 
been concerned largely with keys to different sjiecies and descnptions 
of some of them In paper V (1) the grow th charactenstics of several 
resupmate polypores were presented, together with a discunaion of 
their morphological charactenstics Dm nplions of 1 en specu s w ere 
recorded there The present paper is a continuation of the vvoik 
reported in the earlier publications of this senes Ihese studies arc 
primarily concerned with Porta subaetda Pk / its distribution, its 
hosts and substrata, and its action upon white cedar wood hight 
hundred and ten one-ycar decay-resistance tests for white cedar, 
FAuja occtderUaltHf are reported 

Porta mbaetda (Pk ) Sacc 

Syll Fung, 6 325 1888 

F()lyf>oru§ lu^ocida Peck Ann Hep New York State Mus, 38 02 1880 

(See aleo Pie I, III, IV of Vol VI, facing p 78, and 
PI XXXVII of Vol XIV, facing p 200) 

Fructification annual or perennial, effused for 2 meters or more, 
separable to inseparable, up to 10 mm thick, margin subiuilose, 

^ 1 am indebted to many individuals for and for the privilege 

of examining oollectiong found in variouu herbaria Acknowledgmi nt ih due to 
the authoritiei of the New York State Mueeum, the Nea York BoUnual Oar- 
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tonient<)fte, Htenle at first, l)ecoming fertile with ago, “i\ory 
yellow** * to “pmkish buff’*, subiculum conspicuous, 0 3 to 1 mm 
thick, concolorous with margin, tubes 0 5 to 9 mm long, mostly 
4 mm or less, sr)metime8 stratified in 2 or 3 layers, mouths 
white or straw-colored when fresh, then “cinnamon-buff/* ‘‘pink¬ 
ish cinnamon” to “Verona brown,” or “warm sepia,” circular to 
angular, fnnged, 2-6 1x) a mm m the typical eastern plant, 
usually 2 3, and in the western form 4 5 to a rnm (both fonns 
present m the West), b5i8idia h>aline, 10-12 X 7-8 p, 4-spored, 
sptires hyaline 1-2-guttulate, mostly 1, broadly ellipsoid or oblong 
ellipsoidal, 2 6^5 (3 5 X 5) 4-6 p, large crystalline bodies often 
present in the trama, traraal hyphae without rn)88 walls or clamp 
connections, 1 5 p, mostly 3 /i* in diameter, cystidia absent, or to 
be seen as small sterile organs projecting beyond the hymemum 
lour varieties of P suhaetda ha\e been recognized by Peck 
Var tenuia is very thin, with short tubes mostly 0 5 mrn long, 
but up to 2 6 mm The surface is nearly even This variety 
occurs on the smooth decorticated trunks of hemlock Var 
iuberculosua is characterized by a more or less roughened surface 
caused by the scattered or clustered presence of unequal promi¬ 
nent tubercles Ovcrholts (4) has called attention to the fact 
that they appear to be a monstrous development of the mycelium 
on the surface of the pores Var ^tataciittcuit also has a very 
uneven surface, caused by its incrustmg the moss-covered logs 
It exhibits unequal porous protuberances It often occurs on 
fallen mossy trunks of birches Var vtsirulosus (P vestetdosm) 
B & C IS another shallow-tubed form (4) In this plant pores 
av erage 3 to a mm P ornoto (Peck) Sacc is distmgulshetl from 
the other plants of this senes by the presence of a spotted margin 
Drops of water which occupied these areas have evaporated from 
them 

den, the Missouri Botomoal Garden, the iDivision of Pathological Collections m 
Washington, Division of Forest Pathology, the Field Museum of Natural History, 
the University of Wisconsin Herbarium, and the University of California Her¬ 
barium I am under special obligation to Or 7^ O Overholts, who has given 
abundant help during this entire period of study Thanks are also due to 
Dr Clara W Fnts and Dr Irene Mounce for the attention given to white oedar 
material sent to them for examination 

* Colors given in quotation marks are those of R Ridgway, Cofor Siandatdi 
and Cofor Nomendaiur* (1912) 
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Allied species — It has been indicated m the de*^cnption that tht ro 
w considerable range of variation m this plant, particularly in 
the pore size of certain aentem forms and thos<^ observed in 
eastern collections The range of thickness some plants up 
to 1 cm “is large, and this feature often gives entirely different 
aspects to the very thin and the thick watery ty{>es Home of 
these forma are closely allied to Poria rm^ulla^pants (Pers) 
Cooke The smaller and much-branched hyphae of P medulla- 
pains serve to separate it from P subanda Ihe fructihcation 
of P medullar pants tends to be more corky 
Specimens of P crassa Karst * are also viry likely to be confused 
with the forms which are closely allied to P dulla-panis 
P crassa vanes from snow-white to lemon-yellow and dois not 
exhibit the distinct subiculum which is present in typical collec¬ 
tions of P suhaetda It is usually white to straw-colored, tht n 
cinnamon-buff/^ and is not lemon-yellow P era sa siiecimens, 
too, generally become chalky m texture, wluh typical specimens 
of P subacida remain crisper The spore characters of the two 
plants should also be compared 

Cultures — Isolated from Thuja pheataf Vsneemver, Bntish Colum¬ 
bia, and from decayed wood of Thuja ocewfenta/w, Atlanta, 
Michigan The mats of mycelium on the malt agar remain 
snow-white for the first two weeks of growth Later the fungus 
turns slightly yellow In one-year-old white cedar block cultures 
the mycelium is “cream color’* to “cinnamon-buff “ 

P subaetda belongs to the “rapid-growth’’ class and also to 
that group termed the “largo-range” class ^ Differences in 
growth rates between the cultures obtained from the two sources 
are minor ones, as shown m Table I Since light has practically 
no effect upon the rate of growth, P subaetda falls in the same 
class as P ferrea and P tnemus with respect to this reaction 
Habtiai — Abies bafsameo, A grandts, A lasiocarpa, Acer saccharum, 
A rubrunit Alnus sp , Bdula alba var papynferaj B Unlay B luteuy 
CasUinea denUUay Fraxinus nigray Juglans ctncrco, Jumpems vir- 

* Name used for thick form of P xanlha 

* All poriaa which fill petn dishes m fourteen days at the tompersiure of tht ir 
optimum growth are placed in the rapid-growth’' class Those plants exhibitmg 
a growth of 5 mm or more at fourteen days over a range of more than 21* are 
•aid to have a largo temperature range and belong to the "large range" class 
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TABLE I 

Rate of Growth Exfrsseed in km of Pori a subaoida Pk raoM Thvja 
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gmtanaf Lanx lanctnat L ocmdentalUf LxqutdaviJbar etyraciflmt 
Ptcea canadenin»f P engelmanmtj P manana^ P eitchcTietSf Ptntie 
conforfa, P dxvancatat P eckinatat P monitcola, P ponderosat 
P reetnomf P ngtdaf P afrobwa, P virgnitana, Platanue om- 
fienfaha, Prunua sp, Paeudoteiiga taxifoUat Quercus albO; Q 
bortolta var maxtwa, Thuja occxdentalta (?), T phccda^ Ttlta amen- 
canOf Tmga canadenstSf T heterophylla 
Distnbuhon — BritiRh CoIumbUi Labrador, Newfoundland, Nova 
Scotia, Ontario, Quebec, Yukon Territory, Alabama, Alaaka, 
Arkansas, California^ Colorado, Florida, Idaho, Indiana, Iowa, 
Kansas, Kentucky, Ixiuisiana, Maine, Maryland, Maasachusetts, 
Michigan, Minnesota, Missouri, Montana, New Hampshire, New 
Jersey, New Mexico, New York, North Carolina, Ohio, Penn- 
sylvama, South Carolina, Tennessee, Vermont, Virginia, Wash¬ 
ington, West Vifgima, Wisoonsim 
Occurrerwe — Common, especially in ocmiferoua forests 
Decay — A spongy rot In the early stages of attack numerous 
black spots ordmanJy appear in the wood These become sur¬ 
rounded by a whitened area, and the black spot later disappears 
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The whitened areas enlarge, and the wood around the spots 
becomes straw-colored There is a tendency for the annual rings 
in some woods to separate The white cavities become more 
numerous and coalesce, finally rendering the heartwood a soft 
spongy mass of water-soaked fibers and mycelium Ordinarily 
it IS possible to compress water from such a mass of white fibers 
The 80-caIIcd feather rot ‘ m balsam is hkewise usually confined 
to the roots and lower end of the first log The rot begins as 
mmuto cavities, causing the annual rings to separate from each 
other Black spots occur in the affected wood After a time the 
tree may become hollow, and the surrounding wood is reduced 
to a mass of water-soaked fibers This mass of badly decayed 
wood has a feathery appearance, which accounts for the name 
given to the decay 

Von Schrenk ( 5 ) states that “the mycelium of the fungus 
spreads through the individual tracheids after entering the tree 
and collects in spots here and there Solution of the wood cells 
begins around these centers which at this time appear dark brown 
or black They are the dark spots referred to above Heart- 
wood and sapwood of the spruce are destroyed with equal rapidity 
All parts become spongy, with the exception of the resinous basal 
pieces of the branches, which resist the attack of the fungus even 
after the whole trunk has been destroyed ” 

Importance — Although P mtbaetda is reported here on thirty-mne 
different woods (for an example see PI LV), actual estimates of 
the damage caused or of any “beneficial effects” to the forest 
from the detenoration of slash are not available In a detailed 
survey of the slash-mhabitmg fungi found on Michigan swamp 
species after logging in Montmorency County P stibactda repre¬ 
sented a very small percentage of the total number of fungi 
observed This survey was made over a period of several years 
and at different seasons Fruiting bodies seldom occurred on the 
slash on this particular area, but when found this fungus was 

* Indications arc that the common feather rot of balsam is caused by 
tubaada McCallum (3) says “The identity of the causal fungus of this type 
[feather rot]] of decay hw not been proven by scientific method^ but the mdf- 
catkms are that it» P suUictda Pk Only in a few oases was a fungus noted m 
GonneotiOQ with this rot, and then in fallen trees In these instances it was 
always P eubanda Cultural work with this decay and wiUi red rot has yielded 
no poutiTe results as far as the production of fruiting bodies is oonoerned “ 
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most frequently on tamarack and spruce General observations, 
however, indicated that it was associated with the decay of 
balsam known as "feather rot ” Data gathered by Weir (6) m 
his studies of the effect of broadcast burning on the growth of 
cull-producmg fungi in Idaho and Montana show P mihacida to 
l>e one of the most impfirtant fungi on spruce and white pine 

Aside from the part that the fungus plays in the destruction 
of slash, senous losses are known to be sustained in sending 
timber as a result of its activities The rot itself, hoivever, rarely 
extends throughout the full length of the tree, it is usually con¬ 
fined to the butt sections McCaJlum (3) points out that "Ihe 
average extent of the rot up the trunk is from six to ten feet 
Because the rot is ordinarily confined to the basal portions of 
the tree it is not the loss from decay of wood that makes this rot 
an important one of our northern swamps, but rather its capacity 
to act as a contnbutory cause to wmdthrow of the affected trees 
On a representative area of 2f acres there were 37 balsam firs 
which had first been weakened by feather rot and then broken 
off by wind At this rate, m a square mile of similar forest there 
would bo 9,d70 such trees, or about seven per cent of the total 
stand of this species ” 

Although P subacida occurs on balsam, spruce, tamarack, and 
other trees m the swamp and muskeg areas m the region of the 
Great Lakes, fruiting bodies of it have never been observed m 
association with decayed white cedar Several special intensive 
surveys have been made for it on this wood in the region and, 
in a<lditioa, interested observers detailed on other timber, land, 
and economic surveys have not seen it fruiting on T ocetdentahs 
The abundance of rot in this species on certain areas, however, 
led to a special study of this important decay 
Pona auhactda and the decay of white cedar —The hoartwood of 
standing white cedar is frequently rendered so worthless by decay 
that in certain areas of the swamps of the Great Lakes the timber 
is left standing by the loggers (PI LVI, Fig 1) Much of the 
decay is the common "brown cubical** rot, which has been 
attnbuted to Polyporus haUameus (Pis LVII, LVIII, Fig 1) 

Another rot which is prevalent elsewhere and which is equally 
frequent in certain areas of this region is the common stnngy- 
laminated type (PI LVIII, Fig 2) Numerous isolations made 
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from wood decayed by this type result m cultures of a heart- 
rotting fungus which is not Pol balsaniem 
Several hundred subcultures made from this second fungus 
have been kept under different env ironmental conditions (PI LIX, 
Fig 1) rhf re hav e also been attempts to compare and “ match" 

them ^\lth other cultures of known origin No fruiting structures 
have appeared m any of the cultures 
Since the general appearance of the fungus resembicjs that of 
Fomes ptmcolaj cultures were obtained from fruiting bodies of 
this plant on Populm haUamifna (P] LX) F pimcola occurs 
commonly on this tree on the so-called hemlock knolls in the 
northern swamp areas, where the field work for this study was 
conducted For the purpose of matching it seemed, therefore, 
very desirable to obtain cultures not only of this fungus but also 
of those from the area where the decay of the bilm of Gilead 
was associated with that of the white cedar 
So many differences wer< discovered later in the actual growth 
characteristics of the two fungi that that from white c( dar cannot 
be considered to be F ptmcoUi In addition to ilifferences in the 
character of the mycelial growth of the two plants, the types of 
rot caused by the two organisms are distinct F ptmcola is not 
known to occur on Thuja oc^ukntalis and in general is rare on 
any of the cedars I have found it, however, in Alaska on 
Chamaecypanif nootkatfnsts on Baranoff Island (one collection) 
and at Ketchikan (one collection) 

Although the rot caused by P tmbacida m several conifers 
IS very similar to the laminated decay type discussed here, and 
although the general appearance of cultures of P subarida and 
of the fungus from white cedar is also similar, the identity of the 
causal fungus of this decay in T occxdrnlahs has not been demon¬ 
strated Circumstantial evidence, however, points to the fact 
that It 18 probably P svhactda 

P mbaetdaf unlike many other fungi, commonly fruits on Thuja 
pltccUa* (PI LVI, Fig 2) Collections of this fungus on the west¬ 
ern red cedar from British Columbia have been made The growth 
of the cultures obtained from these specimens is compared with 
that of fungus found on white cedar, T ocetdentoha, m Tabic I 

* Fruiting bodies of any species of the genus Foin< s are not common on the 
cedars 
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One-year tests on the resistance of white cedar to decay ha\e 
been made in tlie same manner, m general, tw that desenbed by 
Hubert (2) The blocks used were 4 inches by 1 by 1 They 
were put in wide-mouthed Erhlenmeyer flasks containing the 
inoculum which hod been allowed to grow over the surface of the 
malt agar at the bottom of the containers Ihoy were placed 
on sterile glass slides which rested on the mycelium In Table II 
it can be seen, then, that the average loss m weight for the 810 
blocks after one year in culture was 0 91, or 3 54 per cent of the 
ovoD-dry weight 

The loss in weight varies from 0 1 gram m the twenty-nine 
blocks tested which belong to the 30-32-inch class to 2 7 grams 
for four blocks m the 56~58-ring class The PE * ±0 263 
The ring classes 56-68 have been omitt^ d since few blocks are 
represented, and the results the tests made deviete greatly from 
the arithmetical mean 

UNivnaairr or Michioak 
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FORCE EXERTED BY WOOD WHEN 
MOISTURE IS ABSORBED I 

A METHOD OF MEASUREMENl 

WILLIAM KYNOCH 

T he ability of wood to absorb or to give up moisture m response 
to vanatlona in the moisture conditions of the surrounding 
medium and to swell or to shnnk in consequence is one of its most 
outstanding and familiar characteristics Though this property can 
occasionally be turned to advantage, as in tightening the neams of 
boats or the jomts In wood-stave w ater tanks or pipe lines, it m, in 
general, a senous handicap to the usefulness of timber as an in¬ 
dustrial material In the use of wood for building construction, fur¬ 
niture, fioonng, intenor finish, doors, window sashes, and many 
other purposes, annoyance and expense frequently result from the 
changes in dimensions and shape induced by gain or loss of 
moisture 

It IS true that the difficulties referred to can be partly ob\iatc<l 
by application of scientifio information and data yielded by timber 
research For example, it has been shown that wood exposed to 
any constant conditions of relative humidity and temperature wiU 
come to an equilibrium with these conditions That is, it will assume 
a definite moisture content The time required to reach equilibrium 
depends chiefiy upon the species of wood and the dimensions of the 
individual pieces (8) ‘ Wood in any given use is exposed to varying 
conditions of relative humidity and temperature, but such variation 
naturally occurs within a certam range only Hence the wood varies 
in moisture content between certain reasonably definite limits The 
shrinkage and awelhng ol wood may, for most practical purposes, be 
regarded as directly proportional to change m moisture content 
below the fiber saturation point, when the moisture is evenly dis¬ 
tributed If, therefore, the material is conditioned, to ihe proper 
^ Numbers m parenthmes refer to literature cited, pages 289-290 
283 
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moisture mean between the Inmts referred to, immediately pnor to 
being put mto use, it will undergo the least possible amount of 
shnnkage and sw el)mg m son ice In\ estigation has established such 
mean figures for a considerable variety of uses of wood (4) 

It has been 8h(»wn, also, that the degree to which wood will shrink 
or swell as its moisture content changes depends largely upon its 
specific gra\ity (9), increasing (with certain exceptions) with nee in 
the specific graMty figure Selection of as light a wood as will give 
satisfactory service in the particular use, tends therefore, to mini¬ 
mize difficulties due to “working “ 

Again, heating wood to high temperatures, by means of steam or 
otherwise, somewhat reduces Its tendency to respond to external 
changes m moisture conditions by altering in size (5), and advantage 
can sometimes be taken of this fact However, when all the scientific 
and technical knowledge of wood at present available has been 
bi ought to bear upon practical shrinkage and swelling problems we 
arc still far short of their complete solution 

Valuable contributions to knowledge of the phenomena of shnnk-^ 
age and swelling have been made by a number of investigators It 
was established by Tiemann (12) that when green wood is dned true 
shnnkage does not begin until a certain critical point (the fiber satura¬ 
tion ix)int) is reached Brown (1) showed the existence of a sihcious 
framework, in the cellular elements of wood, of a structure such that 
U offers a relativ ely high degree of resistance to longitudinal shnnkage 
of the cell wall, while opposing lateral shnnkage m a relatively slight 
degree Roth (11) and Clarke (2) reported the observation that the 
inner walls of the thick-walled elements of heavy woods possess a 
higher shnnkage potential than do those of the tbinner-walled fibers 
of lighter wcHxls, thus accounting for the greater over-all lateral 
shnnkage of heavy woods Ritter (10) has demonstrated the exist¬ 
ence, in the cell wall, of minute, spirally disposed strands (fibnls) 
the onentation of which with reference to the main axis of the cell 
favors lateral, as against longitudinal, shrinkage or swelling Koehler 
(fi) has reported the result of research on the longitudinal shnnkage 
i>f wood He has shown that the angle made by the fibnls with the 
mam axis of the cellular elements in the spring wood of a number of 
worlds 18 greater than that occumng m the cells of the summer wood 
(7) If, as he suggests, water in the cell wall is held between the 
fibnls and not within ihem and if, as seems certain, the fibnls recede 
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from or advance toward each other with intake or outgo of cell'-wall 
water, the cause of the greater longitudinal shrinkage of spring wood, 
in drying, as compared with summer wood, observed in vanous 
timbers, clearly appears A sunllar difference with regard to the 
angle of the fibrils, between wood of normal weight and abnormally 
hght wood withm the species, may explain the greater longitudinal 
shrinkage of the latter found to take place m tupclo, cypress, and 
other woods 

Knowledge of the general anatomical structure of wood indicates 
some of the reasons for the excess of tangential, over radial, shrink¬ 
age or swelling In this connection it is pointed out by horsaith (i) 
that increase in the width of the summer wood, tending to augment 
radial shnnkage, makes for a reduction in the disparity between the 
shrinkage m the tangential and that in the radial direction 

The general subject of the shnnkage and swelling of wood is of 
such practical moment to the timber-fabricating induslnes that every 
phase of it demands thorough investigation Several phases have 
as yet received but scant attention, and among these is that of the 
force exerted by wood when it absorbs moisture 

It has long been known, m a general way, that this force may be 
of considerable magnitude In ancient practice in quarrying stone 
use was made of this knowledge by drilling a line of holes m the 
rock, driving in dry wooden pegs and then soaking them with water 
The force exerted by expansion of the wood was sufficient to fracture 
the rock along the desired line (7) Wood swelling under confined 
conditions of this character is capable of exerting a force great enough 
to crush the cells, to accomplish this, pressures varying from some 
300 to some 1,500 pounds per square mch are necessary (8) How¬ 
ever, defimte figures on the force developed by common woods in 
different directions with respect to the gram, when moisture is ab¬ 
sorbed under stated conditions, are entirely lacking With a view 
to obtaining such figures an expenmental study has been begun at 
the Umversity of Michigan 

A problem which presented itself at the outset was that of de¬ 
vising means by which measurement of the forces in question could 
be made After trials of vanous types of equipment which might 
serve the purpose, it was decided to work out accessory apparatus 
which could be employed m conjunction with an ordinary standard 
umversal testing machine The equipment and procedure described 
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below were therefore developed and after careful test were accepted 
for use m the study 

A Riehl^ Universal testing machine of 50,000 pounds capacity 
was made available for the work A metal pan is placed on the 
weighing table of the maclune A pm aiRxcd to the under side of the 
bottom of the pan, and inserted into a small hole in the weighmg 
table, allows the pan to be placed in the desired position Water, 
to a depth of about half an inch, is run into the pan, which is lined 
with cloth to facilitate evaporation 

A modified ball-and-socket, brass bearing block (PI LXI), form¬ 
ing the support for the test specimen, is placed m the pan A small 
recess in the under side of the base, when engaged with a projection 
attached to the bottom of the pan, centralizes this support Four 
small projections on the upper side of tlus fitting serve to locate the 
test piece m the proper position thereon fhe lateral and vertical 
orifices observable in the fittmg permit entry of moist air, which 
thus obtains access to the basal portion of the test piece and makes 
its way into the body of the specimen by way of small vertical holes 
traversing the specimen lengthwise and hned up with those m the 
block To obtain a proper bearing of the test piece upon the block 
at all pomts of contact the vertical holes in the block are of smaller 
diameter than those m the wood specimen Care is taken to keep 
the water level low enough to prevent the liquid coming into contact 
with the test specimen 

A circular brass bearing block (JEd LXJ) is placed on the top 
of the test specimen Its concave upper portion is machined to re¬ 
ceive the hemispherical end of a >ertical steel shaft (PI LXI) This 
part of the assembly thus forms a second ball-and«socket eonneotion 
These blocks compensate for any small deviation from paralldism 
between the upper and lower surfaces of the test piece and insure a 
uniform distribution of stress The steel shaft constitutes the lower 
portion of an attachment fitted into the recess m the movable head 
of the testing machine 

After test piece has been placed in position between the bear¬ 
ing blocks the shaft is lowered into its socket, and a slight pressure 
(just sufficient to hold the whole in true perpendicular ^ignment) is 
applied A closely fitting rubber cover, {Mrovided with a hole through 
wluch the shaft passes, is placed ovet the pan Thus the test piece 
is inclosed in a humidity chamber such that the moisture content of 
the specunen (initially low) increases relatively rapidly 
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As the specimen absorbs moisture it swells and exerts a pressure 
on the weighing table of the machine, the magnitude of which can bo 
determined by adjusting the soalebeam poise and taking readings in 
the usual manner 

Since, however, this would involve constant attendance upon the 
machine, day and night, it is obviously necessary to have some 
automatic means both of adjusting the poise (as often as this is 
required) and of recording the readings This is accomplished as 
follows A small electnc motor, actuated from the lighting circuit, 
IS mounted on the frame of the machine (PI LXII) This motor 
dnves a pulley (PI LXII) earned by a small shaft from which, in 
turn, the power is transmitted to a larger pulley attached to the hand- 
wheel operating the poise 

Two small bronse contact pieces are attached one to the frame 
of the testing machine and the either to the large end of the scale- 
beam assembly (PI LXII I) Each is insulated from the machine 
These pieces arc connected with the motor and are so placed that 
when the scalebeam is in balance with the load (i e is horizontal) 
they are out of contact When the load increases and the scalebeam 
nses, contact is made, the motor is actuated, and the poise is moved 
forward untH the beam is again balanced 

Automatic recording of the pressures developed by the expanding 
test pieces under the conditions of the investigation is secured as 
eiq^lamed below 

tJTie upper part of the housing of the scalebeam figure dial is 
reimved and replaced by a metal support which carries a oiroular 
disk of exactly the same diameter as the dial (PI LXII) The edge 
of the disk rests upon the edge of the dial When the dial moves 
through any fraction of a revolution the disk is rotated through 
an equal distance The weight of the disk is sufficient to provide 
the necessary friction to prevent slippage at the low peripheral speeds 
obtaining 

A circular chart graduated m the same manner as the dial is 
affixed to the disk and a pen (earned by a bronse arm attached to the 
disk support and set at sero at the beginning of a test) records on (lie 
chart travel of the dial and thus registers the magnitude of the force 
exerted by the test specimen as it absorbs moisture from the humidity 
chamber 

Hie test piece (PI LXI) is c^indrical, nominally 3 inches high and 
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1 658 inches m diameter when at a moisture content of approximately 
5 per cent (based on oven-dry weight) It is completely traversed 
lengthwise by thirteen equidistant holes, each one eighth of an mch 
in diameter The cross-scctional area (not mcluding that of the 
holes) IS thus nominally two square inches and the volume nominally 
six cubic inches The test piece was designed with the object of 
keeping the moisture gradient low at all stages, that is, of main¬ 
taining as umfomi a moisture distnbution throughout the specimen 
as possible 

The test pieces are so cut that each direction of gram (longitu¬ 
dinal, radial, and tangential) is represented by a separate set of pieces 
Longitudinal specimens have their long dimension parallel to the 
gram, radial specimens parallel to the rays, tangential specimens, 
at a tangent to the growth nngs Specimens are made in pairs, 
each being accompanied by a second made from material which grew 
end to end, or side by side, with it m the same tree One member of 
each pair is used for the actual test as previously described The 
other, employed for determination of moisture content, is placed 
in the humidity chamber close to its companion and between similar 
bearing blocks, when the test begins Each is weighed immediately 
before a tost The check piece is withdrawn, weighed, and replaced 
at intervals dunng the progress of a test Hie force recorded on the 
chai t is noted each time At the conclusion the oven-dry weight of 
each piece is determined The moisture content of the test and 
check pieces at the beginning and end of the test is computed as, also, 
IS that of the chock piece at each of the intervals mentioned above 

The assumption is made that the moisttite content of the check 
piece will closely approximate that of the piece actually under test 
at any stage In the testing process The close agreement found be¬ 
tween the initial and final moisture contents of matched pairs is held 
to justify this assumption 

The length and the diameter of each wood specimen are measured 
to an accuracy of 0 01 mch at the beginning of a test and its volume 
IS computed 

All blanks for the making of test pieces are cut from strictly sound, 
clear, straight-grained heartwood taken from timber of oommerolal 
size They are dried under control to a moisture content closely 
approximating 5 per cent (based on oven-diy weight) Blanks are 
then turned and drilled under conditions corresponding as nearly as 
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possible to an equihbnuna moisture content of 5 per cent Iho 
finished test pieces are then stored under the ongmal controlled 
moisture conditions and are withdrawn, a pair at a time, as required 
for testing For preUininary tests a minimum of ten matched pairs 
of specimens m each of the three directions of tlie grain is employed 
From every log or piece of timber from which test piece blanks are 
sawn at least three extra blanks are cut These arc used for determi¬ 
nation of specific gravity, the method followed is that specified in 
“Standard Methods of Testing Small, Clear Specimens of limber" 
(Senal Designation, D 143 — 27, American Society for Testing Ma¬ 
terials) 

Testing IS earned out at room temperature with an approximate 
me 4 in of 70® h Ihe pressure exerted, under the conditions of the 
study, increases until the test specimen attains a certain moisture 
content and then decreases as the moisture content continues to nso 
The pressures developed are correlated with moisture content and 
are expressed as pounds per cubic inch 
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SILVICULTURAL OPERATIONS IN RED PINE 
PLANTATIONS, WITH PARTICULAR REF^ 
ERENCE TO THE HURON NATIONAL 
FOREST 

LOUIS POMMERENINO 

F oresters have always recognised the fact that cultural 
operations must play an important part m forest development 
m the Lake States region Thousands of acres will be planted m 
the near future, which, together with the vast areas already planted, 
will need cultural treatment if the investment is to pay dividends 
It is therefore essential and timely that we summarize our knowledge 
and expenencc in cultivating young stands in order that the desired 
product may be obtained m the shortest possible rotation Reforesta¬ 
tion and fire protection ore important phases of forestry, but cultural 
work, although lees obvious, is becoming increasingly important 
On the Huron National Forest, which makes up a large part of 
the lower Au Sable River drainage basm in the northeastern portion 
of the Lower Peninsula of Michigan, there are approximately 46,000 
acres of red pine (Ptnu9 rennosa plantations ranging in age from a 
few years to twenty Here silvicultural work must of necessity find 
a d^mte place ^or to 1933 none of consequence had been done 
to improve the existing conditions Fortunately, President Roose¬ 
velt’s unemployment relief program made it possible to get this 
work under way, and to date (March, 1934) over 4,600 acres have 
had treatment 

The deep sandy soil on the plains area of the Forest makes red 
pine especially adaptable for planting, since this species develops 
strong lateral roots and a substantial taproot when young All stock 
ia planted six feet apart in furrows at approximately eight-foot 
intervals. Generally a 20 to 60 per cent cover of jack pine {Ptnus 
banistana) and scrub oak exists at the time of planting Most of the 
site is poor, owing perhiqps to the repeated burning over m years past, 
1 Also known as'' Norway pine ’’ 
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%hich left very little ground cover and decomposed litter necessary 
for soil improvement Except where it grows as a thicket, the jack 
pine m the plantations is of the low branchy type and has very httle 
value The oak overstory is in most places a young stand reproduced 
by sprouting and is commonly disease(i by fungi Except as fuel the 
oak has very httle utihzation value SilvicuHurally, hoiievcr, the 
oak improves the sod through leaf decomposition and also protects 
the underplanting from the hot, dry, summer winds Most of the 
plantations carry from 300 to 1,500 trees to the acre, including all 
species On some sites mortality has been extremely high, leai Ing 
as few as 250 red pines to the acre Some of the causes for high 
mortality may be dry weather, excessive shade, poor stock, poor 
planting, or some destructive agency, such as injury by rabbits or 
insect infestation 

From the standpoint of growth and survival b<dh jack pine and 
oak develop much better than do the more valuable species They 
offer strong competition to the planted stock and because of their 
aggressiveness easily suppress the red pine to such an extent that 
recovery is mipossible after ten or twelve years Consequently, 
cultural treatment of the planted areas is absolutely necessary 
Liberation cuttings and cleanings are the most important phases of 
this type of work The operations eliminate the jack pine wolf trees, 
which, because of their widespreading crowns, excessive shade, and 
spruce^bud worm infestation, senously affect the height growth of 
the red pine Also they remove those jack pine and oak trees which 
are of comparatively the same height end age, but which are growing 
too close for the best development of the planted trees Liberation 
cuttings and cleamngs thus improve the composition of the plantation 
by the proper spacing of the less valuable species with respect to 
those wluch are more desirable Only those trees which have no 
silvicultural value whatsoever m the stand ore removed An attempt 
IS made to improve the site and at the same time to allow the red pine 
to grow without a hindrance of any kind Sometimes this involves 
merely the pruning of several branches which have a tendency to 
whip the top branches and leaders of the most valuable species 

Often small, scattered, even-aged stands of jack pine alone form 
the overetory, and here the problem of cultural treatment requires 
keen judgment to determine whether the jack pine la sufficiently 
thiif ty to wairant its retention in the stand or whether the suppressed 
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rod pine itt still more valuable to justify a heavy release from the 
jack pine In many instances of tins kind, when the red pme shows 
evidence of not having been suppressed too long, a 50 per r enl release 
is effected This should result m giving the mtolerant planted stock 
an even chance to come through and compete favoralily with the 
jack pine for a place in the stand 

In practically all plantations there are, of course, many standing 
dead trees which have no value whatsoever These are removed 
for the good of the stand, first, because of the damagt w inch might 
occur m case of wmdfall and, secondly, because they increase the fire 
hawd 

In addition to the cultural measures involving release and sani¬ 
tation cuttings one of the most perplemng problems arose concerning 
the method of disposing of the enormous amount of slash created 
from such cuttings It appeared sonous because of the age and 
density of the red pine and because of the fire hazard Vanous 
methods were discussed at length, both in the fichl and in the office, 
and it was finally concluded that during the summer months, when 
the fire hasard was high and when disposal by burning would be 
exceptionally dangerous, coniferous slash would be wmdrowed in 
piles three and one-half feet high between furrows This facilitates 
handling for future bummg when snow falls Deciduous brush is 
lopped to within twelve inches of the ground and is scattered uni¬ 
formly 

Even when snow was on the ground, it was feared that burning 
the slash would result in many scorched trees if the fires were made 
too large On the other hand, it would be too costly to start numer¬ 
ous small fires or possibly to carry the brush long distiinces to the 
few larger opemnga Something inexponsivt had to be devised m 
order to bum on a large scale and economically Se\ oral thin sheet- 
metal shields five by six feet, with a frame of scrap lumber, were 
oonstnioted to protect the more valuable species where fires were 
bwlt m the small openings The shields were placed on the windw ard 
aide of the fire and from about eighteen mches to two feet in front 
of the planted stock, so that an air space would result and save the 
tree from the mtense heat This provided ample protection and 
permitted a good-siaed fire in the small openings Several fires to an 
acre could easily be built to shorten the distance the slash had to be 
carried k large number of these shields were constructed at a cost 
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of about ninety cents each, and brush-burning was instituted on a 
large scale 

In conducting the cultural operations it was found that a twelve- 
man crew under a “strawboss” functioned most effectively The 
strawboss was first trained m the technique of the work by the 
forester in charge, and when put m command of a crew he was fur¬ 
nished with written instructions covering all important points Their 
purpose was to make the accomplishments of the respective crews as 
uniform and as consistent as possible However, occasional actual 
participation in the project and daily personal supervision by the 
forester is essential, so that the strawboss may know from the outset 
exactly what will be required of him 

In order to facilitate organisation and to prevent poor work a 
strip method is used for covering each forty-acre tract The crew 
moves across the fortym a strip two chains wide At each five- 
chain interval stakes are set up, establishing the corners of a one-acre 
area The entire crew is then kept concentrated within this one-acre 
segment and can be given close supervision This method also makes 
It possible to check each individual's work Among other advantages 
it allow s the strawboss to keep a systematic record of the number of 
stems of various sizes which are out, the number of valuable species 
remaining, the areas in need of plantmg, and the exact location of 
the work at all times 

All trees to be cut are marked by the strawboss and the for¬ 
ester When the men have become proficient this is no longer nee¬ 
cssary 

With men who are more or less familiar with the axe and saw 
it has been possible to maintain an average production of approxi¬ 
mately 0 35 of an acre per man per day, over a period of five months 
This includes actual release, brush disposal, and docking of all fuel 
and puipwood which are salvaged from the material cut On the 
basis of 2,516 acres released and 7,330 man days the cost was approx¬ 
imately lU 00 per acre About two fifths of this amount may be 
charged to bru^ disposal The figures given apply only to work 
performed by NIRA labor However, on areas ^ere ECW labor 
was used and also a lower wage scale, the cost of rdease amounted 
to approximately S9 70 per acre 

Despite the fact that these coats may seem at first to be excessive, 
it must be remembered that each crew m its stand-improvement work 
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IS carrying on three different operations, all of which are absolutely 
necessary in the practice of intensive forestry 

There is every indication that even the considerable costs in¬ 
volved in maintaining continuously fa\orable growing conditions 
in the red pine plantations are a sound financial investment It is 
particularly fortunate that emergency conservation measures have 
made possible such large-scale application of silvicultural measures 
Whether or not the work is continued, the large areas treated will be 
invaluable m the future study of alvicultural techmque and of the 
economics of manage ment of red pine plantations 

UnitkdStatbs Forest Service 
East Pawas, Michigan 




THE URBAN GEOGRAPHY OF 
SAGINAW, MICHIGAN 

DENNIS G CX)OPER AND FIOID A STJIGENBAUIU 

T HF City of SaKinaw grcu up on the best site for the dispensation 
of matenalB and services in the resourceful Saginaw Basin 
Early speculation m real estate led to the development of two rival 
settlements nearly opposite each other along the Saginaw River 
The strong competition w^hich sprang up between them increaml with 
the rise of forest extraction and the development of transportation 
routes, and resulted not only in a rivalry that has existed m mdd 
form even to the present, but also in an urban landscape pattern 
with ofif-conter Beimcirclos of growth such as are found in but few 
cities of the United States C onsoJidation of these two cities finally 
became economically necessary m order to meet the pressing problems 
of a declining lumber business and to make commercial and industrial 
readjustments Within recent years diversified industries have re¬ 
placed lumber mills, but the factories and the transportation facili¬ 
ties of the present reflect the influence of the past forest activities 
and the more recent agricultural and mineral developments in the 
valley 

Saginaw is located about one hundred jmles north of Detroit, 
twenty miles upstream from Saginaw Bay, at a focal point in the 
Saginaw Basin, which is for the most part a broad lowland with a 
gently undulating surface dipping imperceptibly toward Saginaw 
Bay Since the basin was formerly covered by glacial lake waters, 
its sod 18 composeil chiefly of lake-bed clays and clay loams w Inch, 
when well drained, are of lugh fertility Although the region is 
close to the northern limit of profitable agriculture, the rainfall and 
temperature conditions permit the growth of a wide variety of crops, 
and the Saginaw Lowland is now a region of great agncuHural 
productivity Underlying it are nch deposits of salt and considerable 
coal and oil Originally the basin was covered with forests of both 
hard and soft woods, and especially with the magnificent white pine, 
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which grew m the higher, sandier parts of the basin It was almost 
inevitable that a good-sised city would grow up in a region so wealthy 
m natural resources 

The Saginaw Basm is drained by an irregular system of streams 
and nvers characteristic of glacial drainage The upper tnbutarles 
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Map 1 

of the system empty mto four leading waterways the Cass, Fhnt, 
Shiawassee, and 'Httabawassee nvers These streams in turn con¬ 
verge, forming the Sagmaw River, which flows northward for twenty- 
two miles to Saginaw Bay (Map 1) The actual ate of Saginaw 
was in large part detenmned by this focus of major streams, for it 
was the custom in the early days for the Inmans to establish 
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camps at the mouths of the larger nvers, at confluences of several 
streams, or at points of convergence of trails following such streams 
The land surrounding the confluence of these major streams was low 
and marshy, unsuitable for permanent human habitation or for all- 
year-round land trails However, not far to the north of this area 
there crossed the basin in a northwest-southeast direction a low but 
fairly wide water-laid moraine, along the top of which ran one of the 
principal Indian trails of the region I he Saginaw River, flowing 
through a gap in this formation, swung to the west at this point and 
cut into the moraine, forming a bluif along the nver for some distance 
Back from the bluff, between the Saginaw River and the Tittabawas- 
see River t<o the west, the land was high and level and well above 
the reach of flood waters Owing to the height of the land and its 
location with respect to land trails and water routes, this site was 
used from time immemonal as a camping ground by the Indians 
The southwest trend of Saginaw Bay and the low, wet lands of the 
lower Saginaw Valley further influcnce<i the extension of trails toward 
this fav orable crossing point 

Fur traders entered the Saginaw region late in the eighteenth 
century, for traffic with the Indians they naturally chose locations 
near camping grounds or at points of \antage along principal trails * 
Thus it was that on the west bank of the nver, and close to the 
Indian camp grounds, a trading post was established m 1816, around 
which s small colony of white settlers soon gathered Mainly 
through the efforts of Lewis Cass the United States Government 
acquired a large portion of the Lower Pemnsula of Michigan by the 
Tr^ty of Saginaw in 1819, when the Saginaw country passed from 
the hands of the Indians fore\er Shortly after, the United States 
War Department sent a detachment of soldiers to the Saginaw 
River, not only to protect the fur trade, but also to encourage further 
settlement and agriculture Tents were pitched on the Indian camp 
grounds, and a strong stockade was later erected In 1822 and 1823 
lands just to the north of the military reservation were platted and 
offered for sale One of these plats was called the “Town of Sagana“ 
(Map 2) 

Movement of Easterners into the Sogmaw region was early 
Stimulated by the first public land sale m the Umted States and by 

* FuUsr, Q K, Beomme an4 Social Begtnmng^ tn (Wynkoop 

HaUf^nbedc, Crawford Company, Lsnsing, Michigan, 1916), p 375 
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the beginning of navigation on the Great Lakes m 1818, it was further 
encouraged by the opening of the Kne CanaJ in 1825 New York 
hnanciers recognized the uiiportance of the position of baginaw and 
decided to promote the budding of another town on the east side of 
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Map 2 

the nver The land directly across from the town was not chosen 
as the site for the new city, since a marshy island extended for a 
considerable distance along the bank (PI IJCIV) Consequently a 
spot some distance north of Saginaw, on the east side of the river, 
was selected, to be known as East Saginaw Here a new town, 
bom on a levee that was Hanked by a marshy Hood plain, but nour* 
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ished by an abundance of brains, capital, and perseverance, quickly 
became a thriving coininumty 

The superior quality of the white pine whu h grew in many parts 
of the Saginaw Basin was early recognized, and logging crc\^8 were 
soon cutting into this immense stand of virgin tinil^er Saginaw 
was favored by its location to become the center of the lumbering 
activities which were springing up in all parts of the valley Ihc 
nvers and tnbutanes affluent to the Saginaw River gave access to 
an area of 3,200 square miles of some of the finest timber in the 
country Down these waterways the logs were floated to Saginiw, 
which occupied the strategic position just below the point where 
the waters from the many nvers flowed together Mills for con¬ 
verting the Jogs into lumber were built along the river at or close to 
the city The lumber was at first consumed locally, but by 1847 
shipment to the East was begun The value of this lumber (juickly 
attracted attention in the Dower Lakes region and in the Last, 
and an immediate demand for it was made upon the Saginaw 
mills 

At about this time salt was discovered on a farm to the south of 
Saginaw, where the town of Salma subsequently sprang up This 
settlement soon became a part of Last baginaw, owing to the rapid 
expansion of the larger cify At about this time salt deposits were 
discovered in other parts of the valley The presence of bnne under 
the Saginaw region had been known for some time, but it was not un¬ 
til 1860 that the first successful salt well was completed and the 
manufacture of salt begun The industry did not make much head¬ 
way at first, since the cost of fuel necessary for the evaporation of 
salt was so high as to be prohibitive Then it was found that the 
exhaust steam from the engines m the sawmills could be used to 
evaporate salt from vats and pans, which resulted in such a saving 
that manufacture was undertaken on a large scale In this way the 
lumber and the salt industries were definitely combined 

Though the growth of the lumber and the salt industries was 
the mam factor in bnngmg about the general development of the 
Saglnaws, transportation routes caused the more rapid rise of East 
Saginaw The first road leading out of the Saginaw Valley was made 
In 1821 by the soldiers stationed at Saginaw It was cut through the 
woods, Mowing an ancient Indian trail, and over It supplies from 
Detroit were hauled to the soldiers For many years this road was 
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the only connection between Saginaw and the outside world (Map 3) 
In 1841 a national military turnpike between Saginaw and Detroit 
was completed over the same rout© Several years later the state 



Maj* 3 SUge lines in Miohigen 
in 1836 (drawn from A £. Par¬ 
kins, HtsiunaU Oeography of 
Detro%tt p 261 ) 


constructed a plank road from East Saginaw to Flint, a distance of 
thirty-two miles This new road, built by the capital and through 
the enterprise of the founders of East Saginaw, did not border the 



river, as the earlier roads had done, but entered East Saginaw from 
the southeast, carrying traffic from FUnt directly to the new mty 
Consequently East Saginaw, located on the Detroit-Flint side of the 
nver, grew rapidly, whereas Saginaw City, being off the main line of 
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travel and on the opposite side of the river, was m a disadvantageous 
position and suffered accordingly (PI L\V, Fig 1, text lig 4, 
Map 4) 

At an early date it was realised that railroads were essential to 
the proper development of the region In 1857 the Pere Marquette 
Railway was orgamzed, and plane were made to lay a line from 
Saginaw to Hint Since the project wae financed principally by busi- 
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Mat 4 Distribution of the popolatloo of Saginaw by wards, 1930 

ness men of East Saginaw, the line was laid to enter East Saginaw 
to the north of the business section This put Saginaw City at a 
further disadvantage (PI LXV, Fig 1) In 1864 the line was com¬ 
pleted all the way to Detroit, the connection put Saginaw m direct 
communication with the East, South, and West From this tune on, 
eoonomic progress in the valley was rapid, with East Saginaw as the 
industrial center The lumber industry provided so much tonnage 
for the early railroads that the Qrand Trtmk and Michigan Central 
railways laid lines to Saginaw, and soon a network of tracks reached 
into many parts of the city 
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Lumber production doimnated the life of the city until 1882, 
the peak year of the industry at Saginaw In that year over a billion 
board feet of lumber were logged on the Saginaw Eiver But the 
great pme forests could not last forever, and by the next year lumber 
production had declined considerably With the slowing down 
of the sawmills, salt production could not be earned on economically, 
and consequently it also fell off The decline in the lumber and the 
salt industnes became seriously felt late in the 'eighties, and with 
the resulting rapid decrease in population it was realised that other 
industries were needed if Saginaw was to remain a prosperous city 
Finally, in spite of the strong nvalry existing between East Sa^naw 
and West Saginaw, the progressive leaders of both sides decided 
that consolidation was essential to thmr progress, and accordingly 
in 1889 the two cities umted to form the City of Saginaw In this 
way the necessity for separate governments was done away with, 
and communication and trade, which hod always existed to a con¬ 
siderable extent, were furthered In spite of this union a feeling of 
petty jealousy has endured even to the present, but it is generally 
treated with mild humor or with mdif erenoe 

Up until about 1885 the large valuable tracts of hardwood trib^ 
utary to the valley had hardly been touched, but factories for the 
utilization of this timber finally began to appear* Then, in an 
effort to encourage industrial development, the Saginaw Improve* 
ment Association in 1890 purchased a large amount of low, inex¬ 
pensive land on both sides of the river in the southern part oif 
naw, where they offered free factory sites for prospective industries 
Several large lactones responded to the offer and loosted in Sa^pnaw 
The evolution from the cuttmg of pine trees and the making of lumber 
and salt to varied industries of a more permanent nature is still 
going on During the transition period the natural r^urces of the 
valley have been developed, and a large number of industries es* 
Ubh^ed by manufacturers from outside, aided and encouraged by 
the capital which was once employed in the lumber and salt 
business. 

The nature of the industnes of Saginaw is indicated by the follow* 
ing table 

■ MlUa, J 0, of ^ajnruno CotifUy, Mtekigan (8ag(naw, fieeman 9 M 

1918 ), I m 
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Nufnher {if phnU 

ProdxtiCU 

^um6er employee* 

6 

Automobile parts 

7,500 

14 

Machinery and tools 

2,500 

15 

Furniture and woodivurkmg 

1 500 

S 

Foundry and machine shops 

1500 

16 

Food produt^ 

1,200 

76 

Diversified 

1,800 

136 


16,000 



Map 5 Pment-dAy Sftginaw 
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Map 0 A compariion of the Umd uttUifttum itop with the railroad map (inaet) 
bntife out the close relationship between raUroada and Industrial areas in 
Saginaw 


Saginaw is now essentially a manufacturing city, and it will 
probably remain so Owing to the flatness of the land on both iddes 
of the river, railroads are not conflned to the valley, but come in 
from all directions Railroad transportatiott is tbei^ore excellent, 
as are facilities for navigation Beudes this, an amide supply of fuel 
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mined in the vioimty and a recently completed purt water system 
having a filter capacity of twenty-five milhon gallons daily enough 
to supply the needs of residents and manufacturers alike — have 
also played a part in making Saginaw one of the pnnoipal industnal 
centers of southern Michigan 

Saginaw has retained its position as an Industnal and a commercial 
center largely because of the many railways and highways connecting 
it with central Michigan The railroads, laid down dunng the 
boom years of the lumber industry, come from a hinterland which 
not only contains a number of thnvmg towns and cities but is also 
for the most part a highly productive agncultural distnct Saginaw 
IS the center of the Michigan bean and sugar industry, it has the 
largest bean elevator in the worid, which annually handles eighty 
million pounds of beims It is the distnbutmg center of tho valley, 
there are in the city at present more than forty wholesale houses, 
which cover a radial territory of over a hundred and twenty-five mile^ 

Saginaw today has an area of seventeen square miles, approxi¬ 
mately nine of which are developed (Map 6) Although outward 
growth has been quite regular, the landscape pattern is a complicated 
one, owing to the fact that the modem city is really made up of i^o 
earlier cities located on opposite sides of a nver, but not directly 
across from each other Instead of circles of growth which char- 
actense oiUes of normal development, we find semicircular patterns 
set apart which, if placed opposite each other, would resemble the 
normal city The land m Saginaw is employed approximately as 
follows (see Map 6) 

Perceniaga of lotc^ 


Use of land poltU^ area 

1 Vacant 40 

2 Residential 24 

a Small cottages I'i 0 

b Middle olasa to superior 7 0 

c Slums 1 5 

d Exclusive 5 

8 Streets 20 

4 Industrial and railroad 9 

5 Pubbo and semipublio property 4 

6 Commercial 3 


The main commermal areas of Saginaw are situated at and about 
major foci of local and regionAi transportation routes Their precise 
looationB are due to a eombmation of landforms, water bodies, and 
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histone^ events In West Saginaw, the origiiud nucleus of the 
whole city, there is a fairly active but rather small business section 
It IS the commercial core of East Saginaw that is the real business 
center of the present city (PI LXV, Pig 2) Several new sky¬ 
scrapers in East Saginaw add a distinctly modem touch to the 
sky line, and attest not only the growth of Saginaw generally, but 
also the development of East Saginaw as the oommerdal nucleus of 
the whole metropolitan area 

Most of the hghier mdustnos are located along the railroads in 
closely built parts of the city The heavy manufacturing plants 
are found (I) along the n\ er, on land that has been largely filled 
in, (2) in the northern part, w here the land is low and poorly Gained 
(PI LXVI), (3) In the south, where low land again occurs, and (4) on 
the outskirts of the city along main railroad lines Because of the 
large amount of poor land and the many railroads there is a super¬ 
abundance of industrial property m Saginaw (Map 7) 

The poorest residential sections of the city, the slums, fnnge 
the river or railways, adjoin manufacturing areas, or occupy land 
which, because of poor drainage, occasional overflows, or heavy 
smoko, 18 unsmtable for better homes The largest section of slums 
IS m the northern part of East Saginaw near the Fere Marquette 
Railway shops and the Chevrolet Motor Company plant, which have 
attracted largo numbers of Negroes and Mi^oans to that part of 
the city 

Cottage areas are more extensive m Sagmaw than is any other 
sort of residential distnet, occupymg about 15 of the per cent of 
land used for residential purposes They have grown up mainly <1) 
on lower land undesirable for bgb class reddencee, (2) near factory 
Hites, and (3) m an irregular zone which extends around the eity at 
such a distance from the business centers that the land Induded in it 
IS relatively low in price and not higby restricted Most o! the homes 
In Baginaw were built during the years of the lumber boom, and 
consequently reflect the style of that penod Owing to the small 
size of so many heunes, built during that period, oVer 65 per cent of 
the families m Saginaw own their own homes * 

Homes ranging from middle class to superior or exclusive are 
found in the hiid^r, more desirable localiUes, such as the shady 

* PiftemiM Cenettt Ms t/mUet Stales i&SOy Vol VI, 

lies," p 31 
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AREAS 

a. 


SAGINAW 



LfOMr IH0MT«M. AW* 


■UMA MMDKAtNa WAW IMWtrMCA 



Map 7 PurU of the ««oiiont of SAgioAW disouwod In the paper The key \ 
the legend Ui ae follows 

1 Local buebiesB 8 Superior reeidenoee 

2 Light industries 9 Wholesale houses^ warehouses 

3 Heavy Industries 10 School 

i* BaOr^ l»VPortyi freight sta- H Apartments 

tions» depotSi etc 13 Church 

S fflums 18 Main highway 

SttaH cottages 14. Vacant property 

7 Middle-elaMiesldeiioeB 
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moraine area south of the business district of East Sagmaw, and 
along main thoroughfares Proximity to the business district is no 
longer an essential to good residential property, rather, rapid trans¬ 
portation has made the land along or just off the main highways at a 
considerable distance from the center of town a highly desirable lo¬ 
cation for good residences Some of the most modem high-class 
homes are not far inside the city limits, and it is probable that 
considerable growth will take place in these sections in the future 

In and about the areas that have been described are a number of 
pleasant parks and playgrounds locate<l with hardly an exception 
near well-to-do residential districts and m spots of unusual scenic 
beauty, whale out beyond the city proper is the suburban area, 
made up in some places of subdivisions of single lots and m others of 
farms of various sizes 

The future of Saginaw is mainly dependent upon the stabiliza¬ 
tion of the newer mdustries which have come into existence smce the 
decline of the lumber busmesa Although a few of these enterprises 
have failed, the inoreasmg number of smaller industries seems to in¬ 
dicate that conditions are becoming more settled 

The effect of the St Lawrence waterway project upon the future 
of Saginaw is problematical There are a number of companies that 
export products to foreign countries, and it is probable that a deep 
waterway will be beneficial to them The Saginaw River has already 
been dredged to allow large lake boats to come to Saginaw, and 
further deepening will make it possible for ocean to reach 

the city It might be thought that Bay City, since it is oloser to 
Saginaw Bay than is Saginaw, would have a decided advantage and 
would become the main port of the Saginaw Bay region However, 
Saginaw has already firmly established itself as a trading center of 
the valley, whereas Bay City is on the periphery of the area It is 
therefore entirely probable that this condition will offset much of 
the disadvantage which the upstream location of Saginaw might 
offer Thus though railways and motor oars will continue to care 
for local and regional transportation very much as they do at present, 
the new waterway will enable the city to enter into commercial re¬ 
lations with other parts of the worid That this is expected is 
indicated by the fact that water-front property has risen in price 
within the last few years It is doubtful, however, whether there is 
enough in the hinterland to warrant the belief that the proposed 
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waterway will establish Saginaw as an imiK)rtant ocean port or will 
afford any unusual impetus to industrial activity 

There Is every indication that Saginaw will continue to be a city 
of diversified industnos, and it may enter into world relations to a 
limited extent There is no reason to believe, however, that it will 
increase much in either size or importance in the future, although 
it will probably always remain the key city of the Saginaw Valley 

Watnb Univbbsity 
E hDTBorr, Michigan 
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THE LAKE ST JEAN LOWLAND, 
PROVINCE OF QUEBEC* 

ROBERT M GLENDINNING 
Introduction 

T he earliest geographical knowledge concerning the area border¬ 
ing Lake St Jean emanates from P6re Jean de Quen, the first 
white man to view the great lake which is the source of the nver 
Saguenay (Map 8) 

Pdre de Quen, with two savages as guides and canoemen, left 
the httle Indian village of Tadoussac at the mouth of the Saguenay 
m August, 1647, and began the westward journey up the rock- 
walled river The small party left the great river at the present site 
of Chicoutimi to follow the course of the nver of that name up to 
Lake Kenogami (Map 8) They paddled westward on this lake to 
its end, where the canoe was carried overland to the small body of 
water called Kenoganuohiche (Lake Vert, see Map 9) Without 
encountering further obstacles they oontinued across this lake and 
down a tributary of the Belle River to its mouth on the southeastern 
shore of Lake St Jean, reaching there on the second day of Septem¬ 
ber, 1647 ^ 

Several other men, chiefly Jesuits, followed closely on the heels 
of Pdre de Quen, among them P^re Gabnel DrueiUettes and P6re 
Claude Dablon, in the summer of 1671 * Pt^re Charles Albanel 
visited the area on bis famous journey to Hudson Bay in 1671 • 
From descriptions left by these mtrepid men, as well as by many 

* This paper is a ourtailed form of an unpubtuhed artlole of the same title 
The field work on the area was done in the summers of 1931 and 1932 The use 
of **St Jean^^ in preference to *‘St John" is followed m the attempt to preserve 
the orighwl name and to avoid the inoongnnty involved m employing the English 
form iuxtapcwttion with the primarily French nomenclature of the area Other 
rsaeoPSi tev whiob tWe is no space here, also enter into this usage 

* TWatfeee, R O, editor, JttuU R^latumt and AlUed DocvmmU (Borrows 
Broe^ Ck>, Oevriiknd, 1806),81 250,962 ’r6td,46 261 
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more/ it w possible to rooonstniot, m a general way, the landscape 
expression of the region at the time of the advent of the white man 
The focal point of the picture is occupied by a large, elliptical lake 
bordered by a relatively level plain, which in turn is surrounded by 



Map 8. lake 8t Jew>, the Saguenay, and the St lawrenoe 


hilly uplands of solid, glaciated rock From the highland many 
large rivers descend from nearly all directlona to replenish the great 
natural wservoir The lake receiving these copious waters has but 
one outlet, a double one, through which the waters rush and tumble 

« ThwaiU^ op CU, 68 41 Sec also do Roehemonteix, to P Camille, t»$ 
fa Nonie^Franeeau XVU*8%kie (liOtousey et AtiC,Faris, 1896), 8 418 
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as they race eastward in their gorges to form, at their junction, the 
nver Saguenay (Map 10) An extensive forest, dominantly conif¬ 
erous, cloaked the lowland and spread up into the highland, where 



Mas Q Umd divUions of the 9t Jean Lowland Baaed on field work, oorre- 
Kxmdenee with members of the Geoli^cal Survey of Canada, Hoyal 
Canadian Air Force photographs, and reference maps 1 and 10 (see p 341) 
Trabseotl (Insets) adapted from A Qraham, Land Classification North of 
St John (unpubUshed), obtained through the courtesy of the author 

its mantle was broken by barren, glacially smoothed hills In the 
woodland lived many animals, such as the moose, bear, otter, beaver, 
and poroupine. The waters of the lake and streams harbored an 
abundiant Sab life, made up of such sjiieoios as trout, salmon, perch. 
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pike, and carp In this pnmitur setting nuivtd the Indians, using 
the streams as tlicir highwa'ss, the lowland slioro at (ertain spots as 
summer meeting places, and the immenH spaces of the upland for tht 
winttr activities of hunting and trapping Among the Indians a 
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M\i 10 nd tin iifimice mnps I d and 5 p 341) 

ftw Jesuit prusts pursued tlwir dingcroua ind difficult work of 
(vangclizition ind do idv Uio huvers of pelts c itrif to the summer 
trading [ilms to leavt tluii guns, hlmktts and trinkets in exchange 
for the pnnu fuis gjrutitd tlu pruedmg wintci 

Ahroid \i( w of th( in i it tin present time gives a,picture which, 
while not tot ilh difTiKul allows tonsich ruble rnctaiiiorphosis Ihis 
ehangi has l^n n wioughl ihniiv during the last eighty years by 
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the French-Canadian agncultunst with his land-clearing and crop¬ 
planting activities The lowland is now largely cleared^ especially 
to the east, south, and west of the lake This land is occupied by 
long, narrow fields which stretch back from the roads that thread 
the plain With the cleanng have come the crops, the domestic 
animals, the fences, the lines of roadside buildings, and the retreat of 
wild animal life But, surrounding this region of change, the dark 
forest, little broken by the thrusts of human beings, looks down 
from the plateau and over large areas to the north of the lake still 
disputes with the fanner for possession of the plain 

Thb Terrain 

A DESCRIPTION OF THE NATURAL PORTION OF THE LANDSCAPE 

Surface and drainage — Between the low shores of the lake and 
the base of the encircling upland there are terraces which nse in 
broad, shallow steps They are composed of unconnohdated sands 
and clays that were deported, during Champlainian times, in an 
arm of the sea which reached westward through the Saguenay trough 
and drowned the basin in the lowest portion of which the lake now 
Ues It 18 these depositional features that constitute the plain 
(Fig 5 and Map 9) * There are three terrace levels, although the 
upper one is in many places fragmental The edge of each of these 
terraces marks a stage in the withdrawal of the sea waters from the 
lowland The lake-facing edge of the lower terrace has an altitude, 
with reference to present sea level, of approximately 345 feet, the 
second, 360-370 feet, and the third, about 500 feet * However, the 
treads of the terrace steps are not honsontal, rather, each one rises 
at a very slight angle from its edge to the base of the next, so that 
the actual step-up, depending on locahty (PI LXVII, Fig 1), is 
only some twenty to forty feet 

Within the plain there are lesser landforms which merit atten¬ 
tion Numerous streams have eaten their courses into the soft ma- 

* Brsaser, John A, Pari of Dislnd ef Lake 8i John, (Gov Print 

Bureau, Ottawa, 1916), Memoir 93, Geot 3er No 74 4, 48 Sec also Blanchard, 
Raoul, “Le Saguenay ©t 1© Lac SamWean,” Pee de g4og aljnne, 21 96-83 1988 

« OreMer, op Ml, p 3 See also Montgomery, H. H , Procue tevdhng in 
Quebec North efiheSt Ltxwrence Rtmt (Acland, Ottawa, 1929), Geodetic Survey 
of Oasiada, Pubtioation No 18, and Sinclair, G E B, “Bench Mark© between 
St F^lctan and Isle MiUigne, (^ebeo, Via ^vinoial Highway No 15, around 
North Side of Uke St John," unpublished, 1929 
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tenals, with the smaller ones producing deep, youthful gullies, and 
the larger ones, broad lanes of water flanked by low shores that are 
swampy in places (PI LXVll, Figs 1~2) Northeast of the lake 
there is an area in which outcrops of glacially polished rock hills 



Map U Buse<i on reference map t (see p 341) 


are plentiful, extending from the lake edge through the eastern part 
of Canton Taillon and the western part of cantons Delisle and 
Gamier to the upland (Map 11, PI LXXII, Fig 1) Southeast of 
the village of St Prime (Map 9) there Is a pronounced ridge, the 
Cdte St Pnme, which extends from Pte Bleue in a southwesterly 
direction to the base of the upland ’ It presents an escarpment nearly 
^ Dresser# op eil # pp 27-28 
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one hundred feet high to the lowland about bt Prime (PI LXVII, 
Fig 3) Toward the lake the escarpment lowers gradually to Pte 
Bleue, and from tlie orest^ where pre-C ambrian rocks are mueh 
exposed, it slopes gently to the southeast, merging imperceptibly with 
the general terrace level which overlaps it on that side (PI LXXII, 
Fig 2) Between \al Jalbert and Chanibord (Map 9) there are two 
small ndges the C6te Pte aux Pins and the C 6te Chambord 
They owe their existence to upraised portions of the bedrock which 
extend from the base of the upland m a northwesterly direction to 
the lake The extension of this structure can be traced m the Isle aux 
Couleuvcs and the Isle de la Traverse (Map 9) Ihe C 6te Pte aux 
Pins follows this trend, dipping gently to the Kke Its shape is 
much like that of a shallow, inverted canoe and, unlike the C6to 
St Prime, there is no escarpment It is mantled with the soft ma¬ 
terials that compnse the plain Ihe C6te Chambord is like its 
neighbor in trend and shape, differing from it m being 1 irgcr, in not 
(pute reaching the lake, and m having near its top a dunner mantle 
of deposits, so that bedrock is cxposetl m the watercourses and along 
roadside ditches Both these forms vary in altitude from abiiut 350 
feet at their lakeward ends to over 500 feet where they join the 
upland Other interruptions to the lowland plain are minor ones 
At certain places glaciated bosses protrude from the general level * 
They are like the rock hills which occur m greater profusion in the 
area mentioned, to the northeast of the lake These outcrops occur 
in the plain between the Belle River and the D6charges, northwest 
of the village of St Prime and just south of Normandm (Maps 9 10) 
To the north, along the outer edge of the lowland proper, they become 
so numerous as to warrant the inclusion of the area in which they 
occur as part of the upland landscape In addition, there are near 
St Jer6me two kames which resemble large, partly submerged whales 
with their heads pointed to the northwest (Map 9) * 

The edge of the encircling higher land vanCvS in altitude from place 
to place but even at the lowest pomts it fonns an easily discernible 
rim against the horizon Along the southern edge of the lowland, 
from Lake Vert to the Ashuapmouchouan River, the rim appears 
from below as a forested wall which rises as much as five hundred 
feet above the plain in the east and descends gradually westward 
(Map 9, Fig 5, PI LXVIIl, Fig 1, PI LXXIII, Fig 1)^® The 
• , p 27 • /M, p 45 » Ibid, p 4 
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eastern run of the basin is lower and more broken, and Is deeply 
indented byeasfcward-reaching fingers of the plain (Fig 6, PI LXVII, 
IHg 2, PI LXXllI, Fig 2) The northern border of the loA\land 
Is the least conspicuous and, like the eastern run, has terrace tentacles 
which invade for considerable distances, particularly along the stream 
courses When seen from afar, however, it appears well marked, 
and only as one approaches closely is it found to be less sharply de¬ 
fined This northern boundary has been drawn where the rock out* 
crops become plentiful enough to give one the impression of the 
plateau landscape, or, in other words, at the edge of the lowland 
proper 

In essence, then, the surface of the region consists of a large lake 
bordered by clay and sand terraces, which are m turn fianked by a 
glaciated upland 

Lying on, or deeply cut into, the surface are the features of the 
drainage lliese hydrographic elements, of which Lake St Jean is 
the most conspicuous, are composed of lakes, streams, and swamps 
With the recent completion (1226) of dams and barrages at the 
D^charges the outfiowing waters of the lake are controlled to prevent 
the former fiuctuations in level between late summer and spnng, 
and hence to insure a known minimum for the development of hydro- 
electno power This body of water, of oval shape, presents a vast 
blue expanse in summer and a plain of snow*oovered ice in winter 
The Indians knew it as **Piougaimk,” signifying “flat lake” in their 
tongue ^ Its waters are shallow and dotted with small islands, most 
of which lie in the eastern portion near the D^oharges (Map 2) The 
shore is generally low, so low at Eoberval, for example, that a small 
"sea wall" has been constructed to protect the edge of the lower ter* 
race from storm waves Where the C6te St Prime reaches the shore 
at Pte Bleue, stony headlands, twenty to forty feet in height, front 
the water Ihe northern shore west of St Henri de Taillon is 
swampy, except here and there where recent wave*ctttting has pro¬ 
duced low but sharp embankments The same type of erosion has 
resulted in a steep terrace face, at some pomts Mty feet high, be* 
tweeenSt JerdmeandTte de la Traverse Southwest of St G^don 

/fuiustr^ tn Sagttenoy and Lake Si IhMrid (Price Bros k Oo, titd, 
Chicoutimi, nd) Sie aleo Drcaser, op cU,p 10 

” Le Saguenay d le Lae SuJean Rmoureee d aeantagee qu^He offrent aue 
Colon* et atuB eapdoltdee (D^partoment de I'AgneuHure, Ottawa, 1872), p 10 
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for about three inile«t the shore is low and sandy 1 he presence of a 
sandy beach there has led the inhabitants to refer to it, somewhat 
facetiously, as the “Palra Beach" of the Lake St Jean area 

The other lakes of the lowland are few and small, I^ke Vert is 
the largest Where these areally insignificant water bodies do occur 
they lie at, or close to, the base of the upland (Map 9) In the 
glaciated highland lakes are very numerous - a decided contrast to 
the condition in the plain (Map 10) 

The drainage pattern of the region is m a sense obversely radial, 
for into the lake as a hub fiow many n\crs from practically all di¬ 
rections (Map 10) To be sure, the outlet (the double one of the 
D^charges) to the east has its waters flowing away from the lake, 
but ev<jn that line acts as a spoke in the radial pattern The river 
Penbonca, the longest of the streams, has its source some three 
hundred miles back in the plateau to the north, it pursues a course 
through rocky gorges and over innumerable falls and rapids to tumble 
finally into the lowland near Ilonfleur (Pi LXIX, Fig 1) From 
this point it forms a broad, sluggish stream to its mouth at the 
north-central shore of the lake (PI LXVII, Fig 2) Its western 
neighbor, the Mistassini and its tn butanes, is tivo hundred miles 
long Below Dolbeau (Map 9) its waters are broad and placid, but 
above it flows over a senes of rock ledges exposed as it dug itself into 
the soft materials of the lowland (Map 10) In the upland its course 
is torrential The nver Ashuapmouchouan (also Chamouchouan) is 
in all essentials similar to the Mistassim Just south of Val Jalbort 
the Ouiatchouan plunges two hundred and forty-nine feet over the 
edge of the escarpment and then rushes across the constricted portion 
of the plain to the lake (PI LXIII, Fig 1) At the settlement of 
Desbiens the Metabetehouan joms the lake and forms near the 
mouth an embayment behind which several falls and rapids mark 
its course back into the highland (PL LXIX, Fig 2) The Belle 
River descends the upland nm southwest of H^bertviUe and then 
trends northwest to the lake One of its tnbutanes, the Aulnets, 
drams Lake Vert and is the route that was used by P^re do Quen in 
crossing the lowland There are several small falls in its path through 
the lowland where it, hke many of the other streams, has exposed 
the rock basement The lake itself pours its waters to the east 
through the island-dotted gorges of the Qrande and the Petite 
D^^arges (Map 10) The two D4charges join downstream from the 



322 


Robert M Glendxnmng 


town of St Joseph d^Alina to form the upper Saguenay From the 
lake to tidewater on the Saguenay, a distance of some thirty miles, 
the w aters descend more than three hundred feet A study of Map 10 
v^ill mduate that there are many lesser streams crossmg the lowland, 
all of winch tend to emphasize further the roughly radial pattern 
{Hunted out above Some are much smaller than others and their 
sources may or may not tap the upland 

Between the stream lines the adequacy of drainage of the lowland 
\artes greatly from place to place The predominantly clay areas 
(Map 9) are as a whole well drained by large and small streams with 
their tnbutary gullies, although there are small, mfroquent patches 
where the nearly level clay surface is not tapped sufficiently well by 
stream lines to insure rapid run-off from the impervious materials 
The major portion of the “non-swainp” area lies to the northeast, 
east, south, and southwest of the lake, in addition there are two large 
outliers along the upper Ticouap^ River and the middle part of the 
lower Petite Penbonca With the exception of these two areas, the 
lowland to the north of the lake is a conglomeration of sand-plains and 
swamps It may be thought of as a swamp country in which there 
are islands, large and small, of sandy plain The fact that the clays 
are relatively well drained and the sandy areas poorly drained seems 
contrary tx) logic until it is known that the sandy prirtions are directly 
underlain by clays which hinder or prohibit the downward movement 
of ground water — thus insuring swamps where the sand mantle is 
thm and '^islands’* where it is thicker Also, the porous sands have 
probably lessened the amount of run-off and hence have hampered 
the de\eIopment of an elaborate drainage system (contrast the 
upper portion of the Tioouap6 basin, in the clay, with the lower 
portion which lies m the sand, as shown in Maps 9-10) The wettest 
part of the sand and swamp country occupies the Taillon Peninsula, 
the land between the mouths of the Peribonoa and the Mistassini, 
and the lower part of the Ticouapd basm as far west and south as the 
Ashuapraouchouan Canton Rseme (Map 11) is practically all 
swamp However, as one reaches the higher ground, toward the 
upland, the swamps decrease m size and number, to the gain of the 
sand-plams The raising of the lake level by the power company has 
somewhat enhanced the swampiness of the area, particularly near 
stream mouths 

SoiU — The soil mantle of the plain owes its major charaotens- 
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tics to the events which occurred dunng the Chaniplainian sub¬ 
mergence, but since tlien certam factors, chiefly drainage conditions, 
have slightly altered the edaphic set-up The lowland sods vary 
from compact, gray clays to porous, yellowish sands The clay areas 
have some few patches m which there is a thin accumulation of 
peaty materials over the impervious loams Where the kames occur, 
near 8t Jcr6mo, the sod is a loose collection of sand, gravel, and 
glacial boulders In the case of the C6te St Prime, bedrock is 
exposed along the crest and in small outcrojis near the upper part of 
its southeastern slope, and also here and there in the plain, as already 
mentioned, whore polished basement rock protrudes Narrow valley 
bottoms, lying below the general level, possess bordtrmg threads of 
alluvium In the sand and swamp area the dominant sod is sand, 
with an occasional admixture of sandy loam Over large tracts 
peaty swamp mucks occur on top of and encomtiassed by the lighter 
soils Also m this sand and swamp country are the two large areas 
of clay loam referred to abov e The sod mantle of tlie plain reaches 
depths of from one hundred to two hundred feet in places, while in 
others the basement complex is laid bare The upland sods are m 
decided contrast, for at the base of the nm there is usually a sudden 
change from thick manne deposits to a thin and patchy mantle of 
glacial materials (PI LXXIII, Fig 1) The sods of the entire region 
are distinctly immature — undoubtedly an association with their 
recent origin together with the sluggishness of the sod-matunng 
processes m an area with long, severe winters and short summers 
(Table I) 

Vegeiatton —Under former conditions the plain supported a 
forest growth throughout The area is located, m terms of vege¬ 
tation, along the southern margin of the Northern Forest Belt*’ of 
Canada, with its southeastern edge touching the “Transitional 
Belt Conifers make up the bulk of the forest, with, m atidition, 
a spnnkling of broad-leafed trees The upland still preserves the 
appearance of a conifer sea, broken only by recent burns, rock out^ 
crops, and pulp-wood slashings (PI LXXTIT, Fig 1) The forest of 

Dresser, tip , p 45 

^ Ibtd , p 10 Bee also Iteport of the Commianoners for BxpUynng ike Saguenay 
(NeUson k Cowan, Quebec, 1829) See, in addition, the ndercncea cited m the 
footnotes to the introduction to this paper 

« Craig, Roland D, '^Forest Resources of Canada ' Eton Oeog , 2 394-413 

1936 
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the plain has undei^one marked modification because oi the “Great 
Piro“ of 1870 “ and the clearing of the land by the fanners The 
clay areas have been practically stripped^ although new growth La 
apparent along the valley sides and the lake shore, as well as in the 
infrequent siivampy patches The C^te St Prime is forest-covered, 
chiefly that portion toward the Indian Reserve at Pte Bleue (PI 
LXXII, Fig 2) In the sand and swamp areas the picture is one of 
contrast, with most of the land still in forest of one sort or another 
Areally mconspiouous clearings have been made m these parts, some 
of them very recent (PI LXX, Fig 1) and others marked by farm 
abandonment, they are confined to the sides of the main roads 
This forest presents an extremely complex pattern composed of 
spruce and tamarack swamps mued with jack-pme plains (PI LXX, 
Figs 2-3, PI LXXI, Fig 1) In the higher parts of the northern 
plain the jack-pine plains become dominant, although even here there 
are numerous and (^ten extensive patches of the swamp associations 
Recurrent bummg of the drier parts has resulted m a jack-pine asso¬ 
ciation made up of this scrubby pine and poplar, biroh, pin cherry, 
and maple, with a ground cover of bracken, reindeer moss, and 
blueberry (see pp 33^340 for a hst of trees and smaller plants) In 
addition to covenng most of the sand and swamp area, the forest 
continues on into the upland — a contrast to the condition where 
the clays border the plateau 

ChnuUe — Overling the natural factors so far desenbed is a set 
of atmosphonc phenomena pertinent to this mqmry Into the land¬ 
scape of the lowland The climate is characteneed by long, severe 
winters and short, warm summens (Table I) Precipitation varies 
from a low of 1 4 inches m March to a high of 3 6 inches in July The 
prevailmg winds are westerly, being southwesterly in summer and 
often northwesterly in the spring and fall As a result of the cold- 
season temperatures the streams are icebound from six to seven 
months each year m the lowland and for a somewhat longer period 
in the higher lands At this time the lake is a great sheet of snow- 
covered ice, with its level tending to fall until the spnng “break-up “ 
Meanwhile the conifers stand clothed but dormant, while the decid- 

“ Auflet, Frangoia J, Canadian Historical DaUto and JSmtU (C Beauregard, 
Ottawa, 1917) See also BreMsr* op eg i p Ifi 

IT The ohmate ie 0fb, acoordmg to Ksppeo, W , Ow Khmals dor Srds 
(Borlin u Leipzig, 1923) 
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uoufl trees are barren, and the land, like the lake, is mantled with 
deep snows The effect of the chmate on man’s activities will bo 
discussed later, but from the foregoing meager description it may be 
seen that atmospheric conditions play a large part m the seasonal 
behavior of the milieu of those actmtiea 

TABLE I 

CWMATrO BtaTISTICS fob RoBBRVAL, I AKR St Jban 


(Obtained from the Meterological Service of Canada, Toronto) 
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Ihk Occur ance 

A DESCKIP1 ION OF THE CUtTUBAL FORTION OF THE UANDSCAFE 

So far, the piciure of the region lacks the human element m any 
great detail and consequently the multiplicity of fonns that are 
associated with human settlement 

The Origin of the Preset Conditions 

The Indians — Prior to the a^n^ al of the Europeans the Indians 
held away over the lowland and the adjacent vast plateau country 
However, the insecurity of their foothold on the plain and the small 
degree of modification accomplished by them is illustrated in the 
fact that today they are represented only at the Pte Bleue Reserve 
(Map 9) There they spend a leisurely summer, which is Mowed by 
the winter activities of hunting and trapping in the upland In the 
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late spring they return viith their furs to the Hudson Bay Com¬ 
pany's post at the reservation 

The mt^fitonanes —In the 8e\enteenlh century the Jesuits ap¬ 
peared on the scene, extending the work of the Church from Tadous- 
sac, up the Saguenay, into the lowlaml, and beyond toward James 
Bay Their first permanent establishment in the plain was at 
Mctabetchouan (Desbiens, see Map 9), fet Charles Mission, on the 
right bank, near the mouth, of the n\er of the same name This 
was in 1665 trom such humble beginnings the work of the Church 
has continued until today the spires of the houses of worship nae 
high above every setiJement in the region (PI IJCVIII, Fig 1, PJ 
LXXJ, Fig 3) 

The Jut traders — Along the trad blazed by the Jesuits came the 
traders m furs, at first with no permanent posts, but later with posts 
at Chicoutum on the Saguenay, at Metabetchouan, Pto Bleue, 
another on the Ashuapmouchouan, and still others toward Hudson 
Bay The lucrative trade m pelts resulted m the region being 
closed by law to other actmties, until the clamor of public opinion 
and governmental inquiry, beginning about 1826, ended in coloniza¬ 
tion actmties, which were m full swing by mid-century *** The only 
remnant in the plain of this great fur-gathenng era is the little post 
at Pie Bleue 

The lumbermen — The work of the Church and the trading com¬ 
panies gai^e notice of the great pine forests of the Saguenay, so that by 
the opening of the nineteenth century the lumbermen were pushmg 
their way up the great over So far as the lowland itself is concerned, 
the lumbennen w ere of importance in oallmg attention to the large 
amounts of arable land bordering the lake, although the modern 
counterpart of their work is represented by the pulp and newsprint 
mills at Dolbeau, Riverbend, and Deabiens (Maps 9-10) Difficulties 
m transportation and the forest fire of 1870 doomed to failure any 
large lumbonng operations m the plain 

The colomst-farmers —The great modification of the lowland 
began with the first permanent agricultural settlement at H^bert- 
ville (Map 9) in 1861 Two years before, M TAbb^ Hubert, heading 

Tbwaitcs, op c%t, 6/0 322 

Ibtd 69 111 also Le SngueMy el le Lac A^t-Jean , pp 3-4 

** Le Soffuemy ei le Lac St-^ean , p 6 Seo atao Report of the Comtnte- 
sumere for Sxplortny the Sagttenay 
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a society of colonization, secured from Parliament the right to de¬ 
velop the southeastern part of the plain “ He followed this with 
preparatory work which led to permanent occupation, using Do 
Quen's old route via Lake Ivonogaini in order to avoid the D^charge 
rapids From this ongin in the southeastern lorner the l^rench- 
Canadian settlers, derived from the St Tnwrence littoral, have 
spread westward and northward until now, in varying numbers, 
they encircle the lake (Map 13, p 338) 

The Pre^nt Cmiditions 

Inasmuch as this spread of population, with all that it entails, has 
taken place through the slow extension of the road and, because the 
road is at present the artery along which the life of the region courses, 
it 18 proposed to deal with the road pattern first, taking it as a unify¬ 
ing concept by means of which the associated phenomena may be 
described 

The road —The first roads built m the lo^sland were m the 
vicinity of H^bertviUe ** One of these conueded Lakes Kenogami 
and Kenogamiohiche (Lake Vert), and Kenogami was in turn tied 
to the settlements on the middle Saguenay During the ^seventies a 
road was extended westward, south of the lake, to the Ashuap- 
mouchouan The less desirable lands, to the north of the lake, se¬ 
cured roads at later dates and ev en today there are large gaps in the 
road pattern there (Map 12) Many of the roads were for a long 
time without bndges over ihe larger streams, a ferry or, in winter, 
(he ice had to lie used at these points Temporary routes de¬ 
veloped on the lake ice, for example, it was common for the inhab¬ 
itants of the village of Penbonca to dnve thtir sleighs directly across 
the lake, some twenty miles, to Roberval m order to procure supplies 
and mail This w as done until 1926, when the railroad w as completed 
to Dolbeau At present It is possible to dnve an automobile entirely 
around the lake during the warmer season, in the winter, however, 
the snow and cold demand the use of sleighs 

Kxcept in the relatively few instances m which the conditions 

•* l«aUbort^, Al>b6 Andr(5, Les du Mimuniertl Hubert, HiberUntU, Lac 
J5a»n/-/«in, 6 JutUei^ 19B6 (U> ndic»t doa Imprimevirs du Saguenay, Chicoutimi, 
19^), p&rticidarly pp 17-25 *See al«o Blanchard, op cit pp 78 89 

•• he Saguenay et le Lae St^ean , p 10 

* Hilmon, Louis, Mana Chapdehtne HScU du Canada Jran^au (Bernard 
, Pans, 1924), pp 25-27 See also Blanchard, np cU , pp 89-94 
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of drainage or of surface do not permit, the roads are laid along the 
lines of the survey This relationship is so close that it is necessary 
to describe the survey pattern before taking up the details of the 
road pattern The region is divided into cantons, ranges, and lots, 



Map 12 Baaed on fiald work and refortaoce maps 1-4 and 0 (see p Ml) 
The inset is based on plane-table work by the aathor 


In order of decreasing size (Map 11) The cantons radiate from the 
lake in varying suses and shapes but, regardless of area or form, each 
one IS dividefl mto long stnps, usually one ndle in width, known as 
** ranges " Each range is in turn divided into smaller strips, at right 
angles to its trend, ordinarily one mile in length and one sixth of that 
distance in width — these are called **lots ” This stnp system of 
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survey was taken directly from the old French settlements along the 
St Lawrence,** where the idea was to have as many farms as possible 
fronting the water It has resulted In certain irregularities m the 
areas and the trend of the lots in the Lake St Jean region, as shown 
in Map 11 The vast majority of the roads follow cither range or lot 
linos (compare Maps 11 and 12), bo that the Imc of the highway is 
very straight until a turn is reathed, when it forms a nght angle 
and then proceeds to the next turning As a consequence, the roads 
produce a sort of broken spidtrweb pattern, which is broken be¬ 
cause of the lake, and the absence of roads in most of the sandy or 
swampy areas (compare Maps 9 and 12) 

Conditions of drainage or of surface may cause local de\iations 
from the survey lines or forte the roads away from certiun portions 
The occurrence of small lakes, as Lake Vert, necessitates a bending 
of the highway around their shores in other places, as at Desbiens, 
the valleys are of sufficient depth to cause the road to desert its 
straight Imo tn the attempt to find a crossing VVh^rc rock outcrops 
are numerous, as northeast of the lake, the thoroughfare is forced to 
deviate, although its linear and rectilinear quality is still discernible 
(PI LXXII, Fig 1) Where the larger streams become very broad, 
the roads seek narrower crossings far upstream, as at Dolboau, Hon- 
flour, and St F^hoicn The Grande and Petite IXcharges are easily 
bridged only m their narrow eastern courses at a considerable distance 
from the lake The entire absence of roads m Canton Racine is a 
reflection of the swampy condition of the area between the Penbonca 
and Mistassini nver mouths Outside the lowland the roads become 
mere tentacles leading for \ arying distances into the plateau country 
In addition to the road in the ordinary sense of the term there arc 
the other kinds of roads, or *‘ways," viz the railroads and the water 
roads The railroad from Quebec enters the lowland at Chambord 
Junction (Map 8) Irom this place one branch goes west around 
the lake to Dolbeau, another east to Chicoutimi and Bagotville 
In the eastern part of the lowland a short-Hne tentacle joins the 
eastern branch to the Wcharges (Map 12) ** The water roads are 

Miller, Fmile, Terre» ti penplet Canada (f ibrnine Bcauchemln, Mont¬ 
real, 191JJ), note® on pp 30, 32, 108 See al«) Munro William B , Th$ 8et{pmr<tl 

r n »» CenadOt A jStudp in French Colonial Policy (Longmans, Green A Co, 
York, 1907), especially p 24 . , . 

** Oontrary to the Standard Topographical Map, Quebec, Boberval Sheet, Sheet 
34 (Ottawa, 1929), the railroad does not extend to the lower falls of the Perlbonoa 
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the nvers and the lake The Ashuapmouchouan, Mistasaini, and 
Penbonca are U8ed by the Indians in their seasonal migrations to and 
from the upland, and the lake enables their canoes to roach the 
reserve at Pte BJeue Spruce bolts, for making pulp, travel down 
the MistasHim and Metabetchouan particularly, journeying from 
the forests of the upland to the lake, where small steam tugs pick up 
those at the mouth of the Mistassini and raft them across the lake 
for the mill at Riverbend (PI LXIX, lig 2, PI LXXIV, Fig 1) 
During the loe-free season there is some nonschedule movement of 
persons and goods by small lake boats, but this latter phase is of 
decreasing importance since the extension of the railroad to Dolbeau, 
It has taken on the aspect of Sunday excursions, chiefly between 
Roberval and Penbonca (PI LXVII, Fig 2) 

Road connections with the outside Horld ore few (see Map 8) 
The railroad joins the lowland with Quebec to the south and with 
Bagotville and Chicoutimi on the Saguenay tidewater The high¬ 
way to Chicoutimi continues to St Simeon on the St Lawrence, 
although its narrowness and steep grades help in the isolation of 
the lowland Another road connects the southeastern part of the 
plain directly with Quebec This *‘road,^’ a somewhat improved 
version of the old Quebec-Lake St Jean Trad,** leads the traveler a 
rough and winding chase through the I^aurentides Park 

The agrtcuUural forms associated mth the road — Closely related 
to the highways are many apparent landscape features In the clay 
areas, where roads are more numerous, these features are dominantly 
cultural, whereas in the sand and swamp porUons they are chiefly 
of natural origin The outstanding cultural element connected 
directly with the rood is the farm Along with the farm go the 
agncultural people, the buddings of the farmstead, the crops, and 
domestic ammals 

Each farm occupies a stnp of land which fronts on the road and 
extends at nght an^es to it This strip arrangement, originating in 
the sur\ey system, causes one end of the farm to touch the highway 
and the other to he one mile from it It is further stressed by the 
common practice of dividing the farm into two or more stnp fields, 
onented with the lines of the mam strip (PI LXXIV, Fig 2) The 
result of this is the transformation of the cleared parts of the plain 

* Davenport, Mrs , Journal of a Tourism Days’ J9ul« through the Bush from 
Quebec to Lake Si John (Daily Mercury OfRce, Quebec, 1873) 
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mto a succession of long, narrow fields, equally conspicuous from the 
ground or the air Another result is the placing of the farmstead 
directly contiguous to the road, for there are the place of egress and 
also, when heavy snows mantle the land, the location which facili¬ 
tates the gaining of the highway by the horse and sleigh Other 
factors difficult to evaluate, such as gregarious tendencies, undoubt¬ 
edly enter mto this hugging of the road (PI LXXI, Fig 2, PI 
LXXIII, Fig 2) The buildings of the average farmstead comprise 
a farmhouse, a barn, a wagonshed, an outdoor oven, and small sheds 
for fowl and hogs The house is invanably placed close to the road 
It IS ordinarily square in ground plan, two stones in height, and 
capped with a mansard-like roof The bam is set back m such a 
position as to give easy access to both the fields and the farmyart! 
Outdoor ovens are the rule, they are placed within easy reach of the 
woodshed and the back of the house Other structures follow no 
particular plan of arrangement Many farmers have hay barns 
located near the midpoint of the farm stnp, but otherwise no buildings 
appear away from the farmsteml Wood, usually unpainted, is the 
common matenal of construction (PI LXXI, Fig 2) 

The persons occupying the farmstead, with their French tongue 
and ancient customs, give the region a distinctly Old World com¬ 
plexion familiar to all who have traveled in French Canada The 
names of the villages and towns reflect this condition du^ctly, as do 
many other things, such as the operation of the spinning wheel m 
the processing of wool for the making of the famous French-Canadian 
homespun The life of the family is entwined w ith the land and the 
parish church, it may be said, without any intent of sacrilege, that 
their energies are devoted to their ammals and crops fur six days of 
the week and to the worship of God on the seventh During the 
summer the work is directed toward the production of animal and 
human food, together with the activities of dairying and the trans¬ 
portation of milk to the local cheese-and-butter factory With the 
advent of winter the fields are deserted, but the other activities go on 
without interruption In spite of the hardships of the severe winters, 
it IS a cairn, ste^y, perhaps env lable, existence, little mterferetl with 
by the present world economic depression and its attendant cata¬ 
clysms 

Crop production is centered on feed for animals, chiefly dairy 
cattle The importance of hay and posture in the agricultural 
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economy warrants the inclusion of the area in the Forest and Hay 
Region of North America, although m many respects, such as the 
export of cheese, it takes on the aspect of an outlier of the Hay and 
Dairymg Region ” Roughly two thirds of each farm is devoted to 
the production of mixed hays and to pasture, the remainder to oats, 
wheat, and barley chiefly, but in leaser amounts to potatoes, soup 
peas, buckwheat, turnips, and gardens It will be noted that the 
crops are of the hardy type —an obeisance to the dictates of a 
cimiate which allows on the average a growing season of not much 
over three months 

In the sand and swamp portions there are relatively few farms, 
for reasons already noted Farm abandonment appears in these 
areas, partly as a reflection of soil and drainage conditions, but also 
because of a longer-continuing isolation and the recent raismg of the 
lake level This abandonment is noticeable m the Tmllon Peninsula, 
along the road east of Penbonca, and in the vicinity of St M^thode 
In spite of this, farm abandonment is not areally conspicuous, partly 
for the reason that the amount of land in farms m these portions was 
never very large The higher parts of the sandy terraces support 
occasional farms, often isolated from one another by spruce swamps 
and burned-over }ack-pine plains This is especially true along the 
roads west and north of Dol^au, where recently, as a result of govern¬ 
mental inducements, new and pioneer-hke farms are being estab¬ 
lished (PI LXX, Fig 1) It remains to be seen what modem 
methods, coupled with encouragement of a materiiU nature by the 
government, can do with these lands 

Regardless of the location of the farm the domestic animals 
constitute the hub of the rural economy Well-established farms, m 
the clay areas chiefly, have dairy cattle, horses, sheep, hogs, chickens, 
and ducks The numbers vary from farm to farm, but it is not 
uncommon for one to have fifteen or twenty dairy cattle 

Most of the products of the farm are consumed in the plain 
However, great quantities of cheese are shipped to Montreal, along 
with lesser amounts of butter, be^, mutton, and pork On a ri^ng 
market grains and hay may be shipped to Quebec and Montreal 
Hay, grains, and potatoes are sent to the ^'shantles^' (lumber camps) 
in the upland during the winter season 

Baker, 0 F, ^^Agrioultursl Regions of North America,'' Swn Om, 
2 45U-403 1026 
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Other phenomena directly related to the road and at the same 
time dependent on agriculture are the villages and some of the towns 
These features are numerous along the roads of the plain, but the 
upland supports \ery few (Map 9) In the lo\\Iand they are con¬ 
centrated on the clays, although they do occur m the sand and swamp 
country Practically all are locate<l at road crossings or mtersections, 
a few are found at the crossings of the larger nv era (Map 12) 

The village patterns conform very closely to the line of the high¬ 
way, BO closely, in fact, that they strongly resemble StrasaendOrfer 
(PI LXXI,Fig 3, PI LXXin,Fig 2, PI LXXIV, Fig 2)« These 
small concentrations of people depend entirely on the adjacent 
farms for their existence The dwellings are frame buildings, placed 
very close together, and front directly on the street itself The 
majority of the village dwellers ha\e their own farms, which extend 
m strips back of their homes (PI LXXIV, tig 2) Furthermore, it is 
very difficult to ascertain, as one travels the roadway, exactly where 
the village ternunates and the more open farming country begins 
Each village is dominated by the spire (or spires) of the parish 
church, actually this is the first thing one sees on approaching 

There are some villages which illustrate a slight depai-ture from 
the pattern desenbed They differ in that they possess short off¬ 
shoots from the main street, as where a road junction or a turn 
occurs The village of St Cceur de Mane shows this modihed form 
(PI LXXV, Fig 1) In cases of this sort the village takes on a 
T-shape when the offshoot is from the center, or an elbow shape 
when it has spread around a right-angle turn, as illustrated by 
Honflehr Two villages are distinctly irregular in pattern This is 
true of the village of Mistassmi, where the highway ignores the survey 
lines in its attempt to cross the nver Mistassini and its tnbutary 
the Mistassibi, end of the little settlement of Val Jalbert, the road 
in Val Jalbert makes a small bend away from the lake m order to 
oross the lower rapids of the Ouiatchouan 

The towns of the lowland are of two kinds first, those that are 
d^)endent on agriculture, second, those that exist because of m- 
dustiial enterprises The latter will be discussed subsequently, in a 
consideration of the nonagncultural forms associated with the road 

*» This is true of St Bruno, St Gdddon, Ste Croix, Ohambord, St Prime, 
K D de la Bor6, St M^thode, Normondin, Albanel, Ste Jeanne d'Aw, St 
Augustin, L*Ascension, and 8t Honn de Taillun 
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The former are but larger cxpresnions of the villagen — villages which 
have taken on further functions and have, as a consequence, grown 
in size and complexity of pattern Towns of this latter sort arc 
H4bertville, Rol)er\al, St F<^hcien, and St Jerdme 

Hubertvillo iMisscsse*^ an irregular pattern, with tendencies toward 
rectangulanty (PI LXXV, 1 ig 2) The major portion of the town 
lies on the right bank of the Aulnets (Aulnais) at the junction of the 
Lake Kcnogami-'Lake St Jean road and the highway which leads 
south into the upland Phe town is centered functionally about a 
post office, a few general stores, and the church Roberval is situ¬ 
ated on the lake shore between the water^s edge and the railroad 
(PI LXXII, P\g 2) It 18 onented to the main street, which parallels 
the lake, and from this street other short thoroughfares extend at 
right angles There are also a few streets of varying length which 
are subparallel to the main artery Bober\al is dominantly com¬ 
mercial, but the normal school, courthouse, and two churches are 
illustrative of other functions St t^hcien is spread along a street 
which parallels the right bank of the Ashuapmouchouan, with some 
close budding following a road to the southwest, for about a block, 
to the railroad station Like Roberval, it is tucked in between the 
water and the radroad Its function is commercial, although the 
magnificent church indicates a religious importance (PI LXVIII, 
Fig 1) St Jer6rne is similar to Roberval in function, but its pattern 
IS quite different It occurs where a road following the lake shore 
meets at an oblique angle a road from the southwest Because of 
this the town assumes the shape of a Y 

As may be seen from the airplane photographs, these towns grade 
into the surrounding fields, which lend to the settlements an atmos¬ 
phere that one immediately associates with the countryside 

N'onagncultural forme asBociatedl with the road The industrial 
establishments associated with the road are secondary throughout 
the lowland to those of agriculture They comprise a major hydro¬ 
electric development, pulp and newsprint rmlls, cheese factories, 
small sawmills, blueberry canneries, and quarries Only the first 
three are of prime importance 

At Isle Maligne, on the Grande D6charge, is a hydroelectric plant, 
one of the major plants of its kind m Canada (PI LXXIV, Fig !),•» 
which 18 at present developing 640,000 HP In connection with 
( %n Saguenay aiwf Lake St John Dxeineit pp 10 U 
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this plant occur the dams and barrages which were mentiontd above 
in the discussion of (he stabilization of (he lake level Power from 
this place is sent by transmission line to (he mills at Dolbeau and 
across the Laurentians to Quebec The abundance of powtr at Isle 
Mahgne has practically crowded out small electric plants elsewhere in 
the plain 1 ho railroad extension to the I)(5charges ow( s its existence 
to this Isle Malignt development liocated mar the plant are the 
homes of the employees, the officers and foremen live on the north 
bank, and the other workmen are quartered in straight linos of 
company houses on the south bank 

Ihe pulp and newsprint mills, and with them the mill towns, 
arc located at Riverbend, Dolbeau, and Desbiens Riverbend 
(geographically a part of St Joseph d’Alma) lies on tlu north b ink 
of the Petite Discharge (PI LKXI\, Fig 1) It is a small settlement 
with an irregular, “ Amencan” plan of streets whose sides are flanked 
by homes of the bungalow type Adjacent, to the west, are the 
large buildings of the mill and the mammoth iiies of pulpwood 
bolts The plan of Dolbeau is rectangular, in such a manner that th< 
town IS composed of square blocks Zoning plans have ticcn ailopted, 
so that there is a distinct business section and an equally distinct 
resident ml district It resembles in form, buddings, and other things 
the modern company towns of the United Stales so mudi so that 
it seems a cultural interloper which has somehow gained adimttanco 
to the trench-( aimdian circles of the region Ihe mill at Dolbeau 
was in no small way a factor m the extension of the railroad from 
St If'licien to the Mistassini by 1926, and is also the reason for the 
att-empks to improve the mam highway around the north side of the 
lake Desbiens, at the mouth of the Metabotchouan, retains its 
French atmosphere in spite of its industrial function It frouta 
on the main road and extends to the railroad in a sirnpU block 
pattern 

Pulp wood, to feed the mills of these towns, is denved from the 
forests of the upland The newsprint produced m shipped out by 
rail to Quebec, or to the head of navigation on the Saguenay and 
thence to the outside world by boat 

The town of St Joseph d'Alma (including Riverbend) is a re¬ 
flection of both agricultural and industrial activities It serves the 
mill and the farm, in addition to the church It is famous throughout 
the region as a place possessing a legular motion-picture theater 
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Its pattern, irregular yet simple, is eho^n by the airplane photo¬ 
graph (PI LXXIV, Fig 1) 

Cbccse-and-butter factones are scattered throughout the lowland, 
but arc defimtely concentrated m the clay are^ These small es¬ 
tablishments reflect the activities of the farm and consequently 
diflfer, in that manner, from the pulp mills and the power plant 
Situated as they are on the edge of the road, either m the towns and 
villages or here and there in the country, they will be found to have 
a distribution conformmg to the road pattern 

At Hoberval, St F61iclen, and Si Henri de laillon are small 
blueberry canneries Their operation is confined to a few weeks m 
midhummtr, and their number, small size, and spasmodic operation 
relegate them to an msigmficant place in the areal scene 

Ihere are numerous small sawmills located in, or adjacent to, 
the towns and villages, at places where small falls (or the damming 
of a stream along the side of the road) provide power for the making 
of laths, shingles, and rough boards Their meager production is 
consumed locally 

Ihis general treatment of the nonagncultural forms related to 
the road may be concluded with the mention of two quarries One, 
a shale quarry, lying just to the north of Roberval on the road to 
Pto Blcue, fumushes matenal for road surfacing, the other, north- 
w est of Roben al on the St Prime road, provides a handsome pmk 
granite used m the construction of churches and other public build¬ 
ings m the adjacent portion of the lowland Obviously, then, to 
judge from the foregoing discussion, it is agriculture, rather than 
industry, that gives character to the settled parts of the Lake St Jean 
lowland 

The Distribution or Population 

A KEY TO THE LANDSCAPE OP THB LAKE ST JEAN LOWLAND 

The agnoultural and industrial forms which are distributed m 
relaiion to the arteries of travel owe their existence, as do the arteries 
themselves, to the presence of man in the area It is he who has 
extended the highway and moved along It, establishing his farms 
and settlements where conditions were favorable It is he who has, 
at a few points, attached the mdustnal forms to the surface of the 
earth Just as important to the areal scene is the fact that be baa 
a\oided certain parts of the lowland, and has left the upland nearly m 
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its natural state In this sense, then, the distnbution of man in the 
region is the key to the distribution of other forms, both natural and 
cultural 

lU relcUton to other landscape features — When we turn to the 
details of the population distribution, certain correlations with factors 
already dcscnbed begin to stand out I he population is seen to be 
concentrated in the lowland at the expense of the plateau — a con¬ 
comitant to contrasts in power of attraction between the glacially 
eroded upland and the thickly soiled lowland Within the lowland 
concentrations occur primarily on the areas of clay loam In the other 
portions conditions of drainage and soil are such as to retard any 
great settlement, although locally, as near Dolboau and Mistassini, 
the presence of labor-demanding mills has aided families to take up 
farms, the head of the family works in the mill, or perhaps In the 
''shanties’^ in the winter season, and the other members of the family 
carry on the work of the farm Also, as noted, government induce¬ 
ment is bringing about a new, purely agricultural settlement in parts 
of the sandy lands 

Its pattern of dtstrtbiUton — The population pattern of the low¬ 
land is rather extraordinary (Map 13) Because population follows 
the road, it is huear but, because it follows only roads which he along 
range hnes and avoids those along lot lines, it is discontinuous 
The result is straight lines of population (PI LXVII, Fig 3, PI 
LXXI. Figs 2^, Pi LXXIII, Fig 2, PI LXXIV, Fig 2) To 
clarify this pattern a detailed map is presented (see the inset on 
Map 12) Part B of this map shows Canton Asbuapmouohouan with 
its roads, farm dwellings, and the settlements at St Pnme and 
St F61ici6n The farmhouse is taken as the pomt of attachment of 
the population to the earth's surface The roads which extend 
northwest-southeast follow range lines (check with Map 11), the 
roads at right angles to those run along the lines of the lots Note 
that the farm dwellings hug the courses of the range-line roads but 
Ignore the lot-bne roads almost completely If this distnbution is 
multiplied for the other cantons of the plain, the complete pattern 
shown on Map 13 is produced The exceptions to this sfraight-line 
distribution (see p 329, discussion of the occasional deviation of 
roads from survey hnes) are also illustrated in the inset on Map 12 
In part B the road north of St Pnme is forced to curve with the 
edge of Uie watw, hence a curve m the line of population follows 
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A further example of this la shown in part A, where the road be¬ 
tween Roberval and Val Jalbert, bordonng the lake shore, causes the 
population Jme to bond with it The rule and the minor exceptions 



Map 13 Baaed on field work, Royal Canadian Air Force photo¬ 
graphs and data from St^Utfltquea muntetpale* pour Vonn/e 
Civile 19SS9, Bureau of Statiatica, Quebec, and VAnnuatro den 
ConU^H de Chtcoutimt et du Lac Si-Jean^ Clucoutimi, 1929 

thus exemplified in detail, when extended to the rest of the lowland 
portray the essontialB of the population pattern 

CoKcttrsiON 

The attempt has been made to describe, by means of maps, 
photographs, diagrams, and text, the landscape of the Lake St Jean 
lowland in such a manner as to produce a concrete picture in the 
mind of the reader 

This landscape has undergone a considerable change from the 
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time of its discovery in the seventeenth century to the present day 
Ihis chanK© has been accomplished chiefly by the French-Canadian 
farmer By neglecting certain ireas and highly developing others 
ho has produce! 1 thi present patterns of the landscape complex 
Ihe unifying clement is the road, along which he moved and on 
which the circulation of the legion still depends By settling directly 
at the roadside and extending his strip fields back from the road he 
haa produced in the densely setthd portions a (ontinuous area of 
strip fields, through which the lines of population run as major 
threads in the warp and woof of the landscatie pattern The lack of 
these threads in many of tht sandy and swampy parts of the plain 
and m most of thi surrounding upland denotes areas of little modi¬ 
fication from the original natural condition 

A PARTIAL LIST Oh TRFLS AND SMALILR PI ANTS 
IN TTIt TAKE SI JE\N ARB A 

Ihla liat 18 based on that of Drts'^tr, op at [jp I7d8 Iseveial ndditions 
hav( been made by tht author Ilu botaiiieal namc*8 and most of the (ominon 
names have been clackid in (Hratf h New Manual vf Botany S<vuith Edition 
(Amencau Book Company New \ork, 1908) 

PiuuH Banksiana, jack pine, northern serub pine 

Pinus roHinosa, red pine 

Pinus Htrobus, whiU pint 

Picea manana, black spruce, bog spruce 

Picca canadensis w hiU spruce 

Abies balsami a balsam fir, balsam 

Thuya (Thuja) occidentahs, white cedar, common Cidar 

I>arix laricma, tamarack, blatk larch, American lar< h 

Popuhi8 tit muloides, poplar, tnmblmg aspi n Ann neon aspen 

Populus bnlsamifera, poplar, balsam poplar tacamahac 

Betula papyrdtia, white binh, pajjcr birch 

Bctula iuU a, yellow birch 

Bttula jmmila, swamp birth low birch 

Betula glandulosa, dwarf birch 

Aci^r spicatum, mountain maple 

Act r m Rundo, 1 k>x eldt r, Manitoba maple, ash leafid maple 

Acer pennsylvamcum, stnped maple, moose wood 

Acer saccharum, sugar maple, rook maple 

Acer rubrum, swamp maple, red maple 

Sollx nigra, black w illow 

Salix luoida, shining willow 

Salix rostrata, common w lUow 

Salix discolor, glaucous willow 

Salix Candida, sage w lUow hoary willow 

Salix cordala, willow, no other common name 
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S&luf petiolaiiii, wiUow, DO otbnr ooimDon Dame 
PmnuB peon«iylvanlca, pm cherry, Are cherry, bird cherry 
PruQus vtrgmiana, choke cherry, black cherry 
Prunufl pumilft, aand cherry 
t raxtnua penneylvanica, red aeh 

Fraxlnus p< tiiiaylvanica varw ty lanocolota, green aah 

Fraxmus mgra, black aah 

ITlmuc amcncaua, white olm, American elm 

Ulmua fulva, slippery dm, r^ elm 

Pyrus amenoana, mountain ash 

\lnus mollis, downy green alder 

Alnus incana, speckled alder, hoary alder 

Cornua canadensis, dogwood, bunchberry, dwarf cornel 

Cornus suectoa, dogwood, no other common name 

Cornua ciroinata, dogwood, rotmd-^eafod dogwood 

Cornus scxicea kinnilunnik, silky oomcl, dogwood 

Cornua stolonifera, red-osier dogwood, dc^wood 

Bambucus eanadetisui, common elder 

Sambucus racemosa, red-bcmed elder 

Amelanohlor canadensis, service berry, shad bush 

Taxua canadensis, Amoadcan yew, ground hemlock 

Rliamnua alni/oUa, buckthorn 

Viburnum Opulua, arrow-wood, high-bush cranberry, red beny 

Viburnum pauciAonixu, squashberry 

Gorylus americana, ha^lnut 

Spiraea aaholfolJa, meadow aweet 

Myrica Gale, sweet gale 

Sytnplocarpus foetidus, skunk cabbage 

Gaylussacia dumosa, dwarf huckleberry 

Ciaylussacia baccata, black huckleberry 

Vaocinlum pennsylvanicum, low sweet blueberry 

Vaocmium canadense, sour-top, velvet-leaf blueberry 

Aster lafccriflonis, aster 

Cryptogramma StcUen, rook brake 

I^um dilatatum, Labrador tea 

Chamaedaphtic o^yculata, leather loaf 

sphagnum, many species, bog mosses 

Oladonia rangiferina, reindeer moss 

UiffivicnsiTy o» Michioan 
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CHIKi- REFERENCE MAPH USED IN STUDYING THE REGION 

1 Carlo RiRionalc du Lao St-Jtan, Compronant loa Cantons Arpent6a, 

parterntnl du Colonisation, dca Mines, et des PAchones, Quobw, 192% 
1929 

2 Boborval Sheet, Sheet d4, Standard lopographiral Sonen, Natuial Resources 

InteUigenco Service Dept Int, Ottawa, 1929 (not contoured) 

3 Map of Saguenay Division, Prior Brothers & Company, I td , Chicoutimi, 

1929 

4 Resource arnl Railroiul Map part of Qu» bee Pro\ ince, Natural Resources 

Inti Ihgi ntc Scrvicr Dipt Int , Ottawa nd 

Ti Th« Countiis of Chicoutinu and 1 aki St John, Province of Quebec, J F 
Grc-non, Chuoulinii, 1928 

6 Railway Map of South*asUrn Canada, National Development Bureau, 

Dept fnt, Ottawa, 1930 

7 Automobile Roads bitwctn Canada and the United StaUs (Atlantic Sheet), 

Natural Reaourcts Intelligente Srrvitt, Dipt Int, Ottawa 1930 

8 Canoe Routes from L St John to L Mistassini, Nalaral Resources Intel¬ 

ligence St rvice, Ottaw a, n d 

9 Carte Routi^re et founstiqur dc Quebec Provinct, Mmistre de la Voire, 

Quebec, 1932 

10 Rolierval, Lake St John County, Quebec, Map 184A, Geological Survey of 
Canada, Ottawa, 1916 (not cuntoure^d) 
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THE BLACK HILLS OE SOUTH DAKOTA 
AND WYOMING ♦ 


OTTO F C.UTIIt 
Intbopuction 

I yiNG more than one hundred miles east of the Rocky Mountain 
J ranges the Black Hills nse from the gently rolling surface of the 
Northern Great Plains as an isolated mass of forested hills or low 
mountains (Map 14) ^ Distinct from their surroundings, the Hills 
have an insular quality which gives them an easily rccognized 
regional unity Basic to this unity is the relief of tlu area High 
plateaus and peaks nse four thousand feet abovi the surface of the 
plains (Map 15 A) Their slopes support dense stands of pine, whu h, 
m contrast to the adjoining steppes, reflect the greater precipitation 
and more moderate temperatures of the higher eIe\ationa* The 
insularity of the area is enhanced by the character and arrangement 
of occupance forms Mining, ranching, lumbering, and recreation 
have combined to produce a distinctive cultural impress within the 
region 

The regional design of the Black Hills is composed of gross 
features which emerge from the blending of an intricate detail The 
concentnc arrangement of rock structure and surface features around 
the core of the eroded dome is the basis for the development of the 
major outlines of the region (Map 15 B), and the radial drainage 
pattern of consequent streams fonna the skeleton for much of the 
detail of the regional scene (Map 16 B) Ihe correspondence )f the 
various elements of the landscape of this area with these major and 
minor lineaments can be brought out only by analysis 

* The Arid work for this study was carried on during the summers of ^930, 
1931, and 1932 

^ The Black Hills he surrounded by the unglaiiated Missouri Plateau section 
of the Great Plains provinoo of the Interior Plains of the United States Stc 
lennemon, N M , PkyBto(fraphy of Western Untied Htaiee (New York, 1931), map 
* The Black Hills lie near the in tenor eastern edge of the BSk climatic region 
Some stations withm the Hills have Dfb conditions See Krtppen, W, Orundnee 
der Kltmakunde (Berlin, 1931) pp 12S-129 
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The Physical Background 

The physical background upon which the forms of occupance 
within the Black Hills have been impressed may be resolved into its 
significant component parts the surface features, the drainage, the 
soil, the native vegetation, and the climatic charaetenstics By 
close examination of the maps which accompany the text the corre¬ 
spondence of the vanous pat¬ 
terns of the physical background 
should become strikingly evident 

SURFACE FEATURES AND 
DRAINAGE 

Geologically, the Black Hills 
are of a dome structure The 
main uplift is flattish on top, 
steeply sloping to the east, but 
dipping gently to the west (Fig 
6) Its elliptical outline is ac¬ 
centuated by a secondary doming 
m the northwest Mature erosion 
of the mam uplift has exposed 
a crystalline core characteristic 
of such structures (Map 15 B) 
Limestone strata partly mask the 
more elevated portion of the 
dome, and differential erosion of steeply dipping strata has formed 
a characteristic ouesta inclosing an inner lowland (Fig 6, Map 16 B) 
The radial drainage pattern has resulted In the orientation of minor 
features at right angles to the gross features Because of this great 
diversity of surface configuration it is possible to recognise several 
distinct divisions 





The InUnor Bonn 

The rugged surface of the Interior Basin, which has m some 
places a maximum relief of about a thousand feet, lies slightly east of 
the axis of the mam dome of the Black Hills (Maps 15 A, 16 A, 
Fig 6) This basin corresponds in areal extent with the exposed 
crystalline core, Its maximum length is some 60 miles, and its width 
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\ M^15 B 

From a drawing by J H Renshawe and O \ Ljongatedt Central Black Hifl# FoUo V S Oeol Sum , Geol FoUo 219, p 
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in no phcc oxcccds 24 miles (Map 15 B) Three distmi t typos of 
surface configuration may be recogmzed The first is a surface of 
high relief, underlain by a complojc structure of granite, pegmatite 
dykes, and quartzitic schists Gram tie knobs and pinnadts domi¬ 
nate the scene, with their bare slopes rising almost perpencht ularly 
from narrow ravines (Map IGA) * Ihis type of surface lies m the 
southeastern part of the Basin and culminates in Harney Peak, 
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Fki fl See Map 16A for the location of this croes-eection The exact cross- 
fle( tion iH based on data from the V 8 Geol folios 127 and 219 The general 
izcd troHs-aection is simpUfied by the omisaion of nonchnractenstic forms 
and some of the deeper valleys 

which has an elevation of 7,240 feet (PI LXXVI, Fig 1) The 
second, a surface of slight relief, underlain by weak slates and schists 
and charactenzed by mature ndges and broad, shallow, mature 
valleys, is found where the more active streams have not yet suc¬ 
ceeded in cutting back into the surface formed during an earlier 
erosion cycle (Map 16 A, PI LXXVI, Fig 2) ^ The third, adjoining 
Rapid C reek, Whitewood C reek, ami their tributaries, is a surface of 
high relief, also underlain by weak rocks, but deeply cut by vigorous 
youthful streams High on the valley sides are shoulders which are 
remnants of the earlier cycle (Map 16 A) ® In general, the drainage 
lines cross at right angles to the axis of the Basin (Map 16 B) 

* Hovey, K C, “Erosion Forms in the Harney Peak District,” BuU Oed 
Soe Aw, n ^ 1900 

* Fillman, I , “The Ccnesoic History of the Northern Black Hills,” 

in Nat Hint , Umverwty of Jirwa Studio, p 23 1929 See also Fenneman, 
op cU t\> S') 

* Mansfield, G R, “Post-PIeistocene Drainage Modifications in the Black 
Hills and Big Horn Mountains,” Bull Harvard CoU Afus Comp Zvol , 49, 
No 8 63-87 1906 
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Hfeld data were c^apUcd on maps of the scale I 125 OOQ 

Data complied from U S Geol Surv topographic maps of the area The dates of preparation of the individual quadrangles vary 
greatlv, so that there may be some slight error in representing the intermittent character of streams 
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The Limeetone PkUeau 

Encircling and rising m places above all but the highest peaks 
of the Interior Basm^ the Limestone Plateau presents a bold infacmg 
escarpment averaging five hundred feet m height The surface of 
the Plateau is not level, but slopes at first gently, then more steeply, 
toward the surroundmg inner lowland (Maps 16 A, 16 A, Fig 6) 
It is deeply dissected in its narrower parts by the streams which 
radiate from the center of the dome Beveling of Paleoaoio rocks 
has produced a banding of outcrops which may be seen as one passes 
from the Basin directly across the Plateau A broad stretch of 
Pahasapa limestone is followed by an equally wide band of sand¬ 
stone, but on the outer edge of the Plateau is the outcropping of 
resistant Mmnekahta limestone, which forms a defimio, although 
subdued, cuesta (Map 15 B) • To the west of the Interior Basin the 
Plateau has a gently rolling surface related to the cycle of erosion to 
which reference has already been made (Map 16 A) ’ Elsewhere, 
although the older surface may still be seen on the fiattish inter¬ 
fluves, deep gorges with vertical walls, m many places six hundred 
feet high, have given to the surface a very rugg^ appearance (PI 
LXXVII, Fig 1) Where the dip is steep the outer edge is well 
marked by the cuesta of Mmnekahta limestone, which is a con¬ 
spicuous feature ** the outflowing streams Invanably cut 
through it a V-shaped gateway, making in the interstream spaces 
crescent-shaped scarps of the 30-foot limestone over the soft red 
sandstone that underlies it The outer slope of the iomted limestone 
is usually washed bare and on the mner side of the Red Valley 
[Inner Lowland] forms what has been aptly called a tessellated 
pavement” (Map 16, A-B) • 

The Irmer Lowland^ 

An outcropping of weak Triasaio red shale has been eroded to 
form the Inner Lowland which surrounds the Limestone Plateau 

* The tedimentary rocks outoroj^ng la the Umeeteme Plateau range from 

the Upper Cambrian through the Permian Series The Pahaaapa lunestone is of 
MlssiMippiafi age The eandetone bed« are Pemuylvaman, wberew the Mmne- 
kahta limeetone is of Permian (7) age ^ PlUman, op cU, p 31 

* Jaggar, T A , Jr, Seonom^ Reeourete of (he NortHom Black Part 1 — 
General Geology, U S CM Surv , Prof Paper W, pp 16-17 1904 

* Thb Lowland was eaUed the '*RaM Course” or ”Raceway” by iha Indians 
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and IS given a distinct outer boundary by the mfacmg escarpment of 
a prominent cuesta (Maps 15, A B, 16 A, Fig 6) This Lowland is 
interrupted at only one point, m the southeastom section of the 
Hills, by Tertiary uplands which extend from the Plateau on to the 
plains as uneroded remnants of extensive depomtion (Map 16 A) 
In width the Lowland vanes from less than one mile in crmstncted 
portions to more than ten miles near Sundance 1 he major streams 
issue forth from the canyons of the Limestone Plateau and flow 
directly across the Lowland, escaping to the plains through wator 
gaps in the cuesta (Map 16 B) As a result the floor of the Ixiwland 
IS not flat, but is made up of a senes of drainage divides, which are 
partly dissected by subsequent streams and separated by the broad 
alluvial flats of the consequent drainage lines Three types of sur¬ 
face may be noted within the Lowland The first is the level land, 
including the alluvial flats and a few extensive terraces some fifty 
feet above these flats (Map 16 A, PI LXXVII, Fig 2) The 
second is composed of the hiily interfluve areas, surmounted in the 
northern portions of the Lowland by many flat-topped remnants of 
high terraces (Map 16 A, PI LXXVII, Fig 2) Ihe third, oon- 
rasting of several areas of highly dissected land, gives a typical 
badland surface (Map 16 A) 

The Outer Rim 

A prominent cuesta, which rises conspicuously from the adjoining 
plains, forma the Outer Rim of the Hills (Map 15 A) It is underlain 
by resistant sandstone rock of Cretaceous age (Map 15 B) and 

of the region, but was termed the “Rod Valley” by geologists Geographically 
the latter toiro m unaatwfactory because large areas within the fjowland do not 
exhibit red soil or red shale outcrops Portions of its Innnr edge ai*c underlain 
by limeetone, and some of its outer edges are formed on JuraNslr m \vhich the 

color is lacking 

See Richardson, G B , “The Upper Red Beds of the Black Hills,” Joum 
CM, XI 3W-393 1903 

The resistant strata of sandstone which form the cliffs and upper surfaces 
of ihe Outer Rim are of Lom cr and Upper Cretaceous age and are the same beds 
that are exposed as hogbacks along the Rocky Mountain hront filee Darton 
N H , “Comparison of the Black Hills, Big Horn Mountains and Rocky Moun¬ 
tain FVont Range,” BvU CM &oc Am , 15 871^-448 1904 Usually the outer 
boundary of the Rim is along the contact between the Dakota sandstones and 
the ahat^ underlying tlic plains, but exceptions occur For instance, the sandy 
beds of the Qraneroe formation (dominantly a shale) at tunes nse with sufficient 
prominence and are cloady enough associated with the Hdls m aspect to be 
included within ihe Outer Rim 
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presents an escarpment, in many places 600 feet in height, o\ erlooking 
the Inner Lowland The steeply dipping strata on the eastern and 
southwestern sides of the dome ha\o given this Rim a hogback 
appearance with narrow lateral extent (Map 16 A) Elsewhere the 
more gentle dip has allowed broad back slopes, in places deeply 
cut by streams, which have formed wide valleys lietwcen flat-topped 
interfluves (Map 16 A) Gullying by rcsequent streams is at some 
points pronounced, and the cueata is broken into many segments by 
the water gaps of the major streams (Map 16, A-B) North of the 
Tertiary intrusion which formed the Warren Peaks the cuesta )s 
aligned m relation to the secondary dome which occurs m the 
northwestern section of the Hills A 500-foot escarpment forms the 
western edge of the Bear-Lodge Mountains and overlooks the Upper 
Belle Fourchc Riv er Basin From here the cuesta dips to the east and 
merges with that portion aligned to the mam mass of the Hills 
Other divisions, not arranged concentrically with regard to the 
mam dome structure, occur within the region and must be discussed 

The Upper Belle Fourrke River Basin 
*‘Thc valley of the Belle Fourchc has been eroded m the flanks 
of a broad uplift In fact the rocks removed to form the valley 

hardly interrupt the gentle sweep of the skyline as one follows the 
profile of the land The present intrenched valley of the Belle 
Fourthe with iti^ low terraces is boundeil on the oast and west by high, 
dissected, terrace-like ridges, which are broken into flat-topped 
segments by the deep valleys of the streams tributary to the river 
Between these ndges and the escarpments of the Outer Rim east of 
the Basin is a zone of steeply sloping land, intermediate m elevation 
and dissected by deep youthful valleys (Map 16 A) The drainage 
of the Basin is characteristically dendntic, and the interfluves send 
out narrow fingers between the tributary valleys (Map 16 B) 

Isolated htlU and peaks formed by Tertiary tJitnmons 
Tlie isolated hills and peaks formed by Tertiary intrusions are 
localized in the northern Hills (Maps 15 B, 16 A) They are, 

** Russel, I C, ‘‘Igneous Intrusions in the Black Hills/’ /oum Oeoi, 
4 84 1896 

“ Many of the intrualons are so minor or so far advanced m erosion that they 
blend into the general surface of their surroundings and are not treated In this 
division 
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apparently, all of laccolithic structure In some the intrusiv e rock 
has become expose^l by erosion, m others the sedimentary capping 
rocks still remain The dommating Warren Peaks, the Missoun 
Buttes, De\ il’s Tower, and the Black Buttes are included within this 
division 

Uplands of Tertiary deposition 

Remnants of Tertiary dep<jsition cover small areas in many parts 
of the Hills, both in the older valleys ami on the ndge tops I he 
gri at( st area of such deposits, however, is in the southeastern portion 
of the Hills extending from the Intenor Basin on to the Plains 
(Maps 15 B, 16 A) Tentacles of these sediments stretch into the 
Hills along the old drainage lines and occupy saddles which lead to 
the Interior Basin Ihey reach their greatest breadth just outside 
the Limestone Plateau, where they form flat-topiied ndges inter¬ 
rupting the continuity of the Inner Lowland 

Drainage charactertHtics 

The streams, which have introduced the detail into these divi¬ 
sions, gam 111 volume as they flow through broad, shallow valleys 
near their headwaters As they descend through deep gorges to the 
le\ti of the Inner Lowland, much of the onginal flow seeps into 
porous sandstone rock, which forms an artesian reservoir for the 
surrounding plains Crossing to the Outer Him, they reach the 
Plains through water gaps, but here, also, the sandstone strata 
underlying the Outer Rim greedily takes as much of the nmainmg 
flow as possible, so that many streams disappear from the surface 
The streams of the northern Hills are larger and more constant than 
those to the south Even the larger valleys m the south exhibit dry 
stream beds dunng several months of the year The Belle Lourche 
and the Cheyenne nvors encircle and seem to hold the Black Hills in 
their clasp, secure because of the extending tentacles which reaih 
into the very heart of the region (Map 16 B) 

The mold 

The major lineaments of the surface, recogmaable m the preceding 
divisions, form the gross features of the mold to which the bioad 

“ Bee Jaggar, T A , Jr, apd Howe, E, “The Lacooliths of the Black Hills,' 
U S (hoi Swv , Tioeniy Jtraf Annuoi Keporf, Part III 163-303 IGOl 
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disinbutions of the siginficant forms of the landscape of the Black 
Hills are shaped The drainage pattern, a more detailed part of the 
design of this mold, is the unifying bond for the areally less im¬ 
portant, but nevertheless sinking, details of the areal seme 

OlHUl LLEMENTS OK HIE PHYSICAL BACKGROUND 

Ihe patterns of soil, native vegetation, and climate show a dis¬ 
tinct tendeniy to confonn to the design of the mold This cor¬ 
respondence IS most striking in the case of soil, less so in respect to 
the native vegetation, and least noticeable, except for the broader 
aspects, in restKCt to climate 

Soils 

Ihe distnbution of the edaphic conditions is genetically related 
to the surface configuration and to the distnbution of the significant 
features of the geognosy of the area Of greatest areal importance 
arc the residual soils which are found on the interfluves These soils 
are arranged concentrically around the exposed core of the mam 
uplift and, in detail, around minor doimnga within the region 
Being immature, they vary greatly in cornp<isition and texture, since 
they are a reflection of the underlying geologic materials “ Where 
it 18 of sufficient depth, the soil derived from the crystalline and 
limestone rocks is highly productive That derived from the sand¬ 
stone 18 of too coarse a texture and is too easily eroded to be widely 
cultivated Ihe shale, especially that of the Inner Lowland, has 
weathered to a clayey loam, generally too compact to favor tillage 
It can be worked only under a closely restricted range of moisture 
conditions, so that crop yields on It vary greatly from year to year 
In the swales, where moisture is more reliable, cultivation is gen¬ 
erally successful 

Alluvial soils, forming narrow bands along most of the streams, 
broaden m lateral extent where the major streams cross the Inner 
Ixiwland They are distributed, therefore, in a radial fashion in 
accordance with the drainage pattern It Is on these soils that agn- 

" It mviBt be kqit In mind that "when the strata comprise altewiating beds 
of different matenale, auoh as shales and sandstones alternating with limestone, 
there are abrupt transitions in the reeulting soils, which may differ widely in 
composition and agricvdtural capabilities m sonee that lie side by aide and are 
too narrow to map “ See Darton, M H , Central Black HilU Mio, V 8 Oeoi 
Surv , Geol FUto p 82 1925 
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cultural production reaches its greatest concentration, especially 
where irrigation can be practiced 

Ihe pattern of the natne vegetation shows a close correlation 
with these distributions but also reflects m a more general way the 
varying aspects of climate 

Native vegetation 

The vegetation of the Black Hills is composeil of elements which 
are now largely disjuncts, with the exception of the flora character¬ 
istic of the Great Plains Duntig earlier periods plants from the 
west, east, north, and south advanced into the Hills, and now remain 
associated together within the region, but separated from their re¬ 
spective areas of widespread occurrence 

The three major vegetational climaxes of the United States- 
grassland, scrub, and forest — present a \ery definite pattern within 
the Hills Ihe Interior Basin is dominated by medium to dense 
stands of western yellow pine {Ptnus ponderoea scopulorum) associ¬ 
ations The higher portions of the Limestone Plateau are similarly 
covered (Map 17 A) Sev eral types of breaks occur m this pme forest 
Some align themselves with the streams and follow the drainage pat¬ 
terns rather closely where the valleys are broad and shallow A 
zonation from willow and prairie grassland along the streams gives 
way to an aspen {Populua tremulmdei) growth bordering the dense 
stands of pme on the ridge slopes (PI LXXVI, Fig 2, PI LXXVIII, 
Fig 1) Breaks of another type are locally extensive So-called up¬ 
land praincs, such as the Reynolds Praine, are grasslands of the 
mixed praine association entirely surrounded by forest (Map 17 A) 

A third type of break is seen in the large bums, which are a common 
sight in the mtonor (Map 17 A, PI LXXVII, Fig 1) 

On the outer lower slopes of the Plateau bordering the Inner Low¬ 
land sparse stands of pme and scrub growth are oharactenstio The 
Inner Jjowland itself is conspicuous because of its grasslands (PI 

^ Bhanta olasftifiea the native vegetation of the surrounding plains within 
tho Short Qraw (plains graealand) division Bee l^antx, H L, and Zon, R, 
** Natural Vegetation,'' AUas of Atmnoan AgncuUuret U 8 Dept of Agnc 
Part I, See £, 1024 

” McIntosh, A C ," A Botanical Survey of the Black HiUa of South Dakota," 
rA« Black Jrttgtneer, 10 108 1931 
*■ /iSad , p 207 

*• Jenny, W P, and Newton, E M , Heport on ihe Oeciogy of ihe Black B%U$ 
of Dakota, U 8 (hog and (Tsoi Burs (Washington, 1880), p 322 




be legend indicatee doaunaato in a»oeiatJOf» are otm^Mcuous m the landscape DifTerentaatioDS are based on etnkmg contrast 

in vwoal aspects. Hiie djatnbuttoae are generalised bom field data placed on maps of the scale i 125 000 

ats compiled from CJtmaiaUiftealVaiafor iftc CTiHtod States &y<$ 0 ebofur(t S Department of \gnculture Weather Bureau) with the a%erag 
det<»TTnined through the vear 1930 for moat stations 
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IjXXVII, Ixfc, 2), but It IS hemmed m by the scattered, gnarly stands 
of western yellow pme which cover the higher portions and the back 
slopes of the Outer Run To the north bur oaks {Qvercua macrocarpa) 
become codominant with the pine, especially in the Upper Belle 
hourche River Basin (Map 17 A) 

Characteristic transitions can Xyc recognized on the valley floors 
as one proceeds from the plains toward the headwaters of the major 
streams First are seen the cottonwoods, which form narrow belts 
nsmg conspicuously abov e the steppe of the plains and of the Inner 
I/Owland Many hardwoods, such as oak, ash, anti elm, form dense 
stands at the entrances to the canyons cut m the I imestone Plateau 
In the more rugged fKirtions of the Hills aspen and pajier birch 
{lietula papynfcra) choke the narrow valleys, but grasslands ami 
willows border the streams which meander through the broader val¬ 
leys Near the headwaters of these streams spruce (Puca canadenmn) 
covers the north-facing slopes and may extend down to the immediate 
slrtam bank (Map 17 A) The detail in the distribution of the vege¬ 
tation corresponds, therefore, with the drainage pattern and its 
relation to the minor features The variations m soil characteristics, 
so closely related with surface, show marked relationships with 
vegetation distributions, especially along the boundaries between 
recognized associations The fine, deep soils and clays an usually 
devoid of tioe growth, as m the Inner Lowland Hiindy or rocky soils 
tend to support trees if climatic conditions allow, as on the slopes of 
the Outer Rim and the rocky lower slopes of the Limestone Plateau “ 

CliTnate 

The general features of the climate of the Nortlurn Cireat Plains 
show the Black Hills to Ix' climatically distinct from the surrounding 
steppes Outside the Hills conditions are definitely scmiarid, in the 
intenor of the region humid conditions of equal distinctness are 
found Hence, the climate of the area may be characterized as a 
transitional zone through which more and more humid conditions 
are noted as the center of the Hills is approached 

Over 75 per cent of the annual precipitation takes place during 
the growing season At Belle Lourche, the station having the least 
average annual ramfall for the surrounding area, the total precipi- 

« Hayward, H E, Studies of Plants m the Black Hills of South Dakota/ 
The Boiamcal OateUe^ ^ 390-400 1928 
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tation IS 14 54 inches The maximum reoortied average annual 
precipitation, 25 98 inches, occurs at I^ead (Table I) The general 
rainfall pattern, as indicated by isohyets of average annual rainfall, 
tends to present a roughly clhptical shape, although offset to the 
northeast A marked concentration is shown in the northeastern 
portion of the Hills (Map 17 B) The effect of this distribution is 
seen m the flow of streams as well as in the density of forest growth 

Elevation and forest cover dimmish the annual temperature range 
and the length of the growing season The ranchers and the National 
horest Service recognize three zones The highest, lying between 
6,000 and 7,000 feet, pnmanly upon the high Limestone Plateau west 
of the Interior Basin, has a three-month growing season, and agricul¬ 
ture 18 earned on with difficulty Only the hardier grains and timothy 
hay can be grown Most of the remainder of the upland ares is 
included within the second zone, which lies between 4,500 and 6,000 
feet Here the growmg season is aliout four months long and allows 
the more successful cultivation of small grains and vegetables The 
third zone lies below 4,500 feet and extends on to the plains The 
growmg season is at least four and one-half months long, and all com¬ 
mon grains, vegetables, and even com can be grown 

Although a general correlation between vegetation and climatic 
distributions undoubtedly exists, in detail it seems to be largely 
overshadowed by vanationa m the edapluc conditions Great vari¬ 
ability in precipitation from year to year, coupled with the short 
duration and the irrcgulanty of weather observations at most of 
the widely spaced stations within the area (Table I), do not allow 
one to draw conclusions regarding the relationships of climate and 
vegetation 

The physical background of the region, thus analyzed, was the 
setting which the incoming population of the Black Hills occupied 
and changed The patterns resulting from this occupanoe complete 
the areal scene 

Tub Cultural Imprkbs 

The entrance of man into this area has brought modifications 
m the details of the regional design, but the gross features remain 
unchanged The first white settlers were attracted by the reports 
of gold, and before long placer and lode mining dominated the early 
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cultural scene On the heela of the minora came the ranchmen, 
followed almost immediately by the lumlKrmen, Inith groups eager 
to furnish the miners with supplies At first thcj^c inodes of occu- 
panco were closely interdependent, but they ha\e since expanded 
beyond their original restricted contacts More recently tourists 
have introduced n creation The widespread expansion of seti le¬ 
nient characterizing the early years had pro\td much of the area 
unsuitable for ranching and mining, and abandonment of the poorer 
sites took place (PI lAXVIII, Big 2, PI LXXIX, Big 1), with a 
consequent concentration on the better areas 

THL COURSE OF StrTLI-MfNT 

The course of settlement of this region by while people co\ors 
only a brief span of some sixty years, but during this tune several 
different modes of occupance have guided the settlement through 
successive penods of prospenty and decadence The great wave of 
immigration into the Hills began m the Kte fall of 1876 and the 
spring of 1876, with Custer, the original discovery location of gold, 
as the objective point At this time the population of the town was 
from 6,000 to 10,000 people In the late spring of 1876 rich placer 
discoveries m Dead wood (lulch in the northern Hills emptied Custer 
of all but fourteen people Deadwoo<l, the center of activity m the 
northern Hills, sprang into prominence Other mining camps ex¬ 
perienced penods of hectic prospenty, but most of them are today 
abandoned or even obliterated The mam routes by which supplies 
reached these early prospectors were northward across the plains 
from the railroad stations of Sydney and Cheyenne, or westward 
from Bismarck and Bort Pierre (Map 14) 

Soon after this rapid increase of mining within the interior of 
the Hills the spread of settlement was directed outward to the Inner 
Ixjwland and the skirting plains Ranching became an important 
activity with hay cultivation and grazing of livestock dominant, 
and with the mmmg towns serving as markets Some of the more 
important entrance towns to the Hills obtained their start at this 
time Rapid City, Spearfish, and Sturgis were established m 1876- 
77 (Map 16 A) 

“ Tallent, A D, r/w BUtek HtUi (St Ivoiua, 1899), 14(KU1 

« Ayrcfl, G V , * JSarly Transportation/* Tke BUusk HtlU BngiMer, 18 12*18 
1930 
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The population dependent upon ranching han sho^v n fluctuations 
similar to those charactcnstic of all western houth Dakota Increases 
and decrease-s are related in tunc with variations m rainfall In 1S80 
the population of the Black Hills and the closely adjoining plains 
was 16,726 The groat boom period of settlement in the rest of South 
Dakota nearly coinculed with the first years of txpaiiHion in the Hills 
— years of more than average rainfall Thorc foliowcfl a senes of 
droughts from 1886 to 1897, vnd (luring this tune Custer, tall River, 
and Pennington counties, comprising a large part of the region, all 
expenenced decreases m population Well-established towns on the 
outskirts of the Hills showed similar decreases, as indicated by the 
accompanying table 1*1 actuations in the mining population cannot 
bo correlated with those of ranching arias, as is evidenced by the 
continued growth of I^ead and Deadwood, supported by the booming 
mines of that ptnod (lable II) 


County 
Custer 
Fail Riv( r 
Pennington 


1900 1890 
2728 4891 
SW 4478 
5610 6540 


Town 
Kapid Cit> 
Hermtwa 
Hot Sprmgh 
New costlc 
Sundance 


\\m 1800 

1342 2128 
77 172 

H19 1423 
756 1715 
294 51) 


The doclme m population described for the outskirts of the Hills 
was followed dunng the next decade by a rapid increase I'his 
growth was probably due m part to a senes of “wet” years and in 
part to the increased development of railroad communication and 
the resulting breakdown of isolation It is tnie that railroad con¬ 
nections with the Black Hills were established by 1891 Two linen, 
one from the south proceeding directly through the center of the Hills 
and one skirtmg the eastern edge of the region, reached Deadwood m 
that year (Map 18 A) Towns, such as Piedmont, White wood, and 
Newcastle (Map 18 A), were bom with the advent of the railroads at 
those points Ihe groat impetus for development came in 1907, how¬ 
ever, when the Chicago and Northwestern and the Chicago, Minne¬ 
apolis, and St Paul entered Rapid City from the east (Map 18 A) ** 
From this time on Rapid City was definitely the trade center of the 
Hills and the focal pomt for all traffic eastward (PI LXXIX, Fig 2) 

*• See Board of Railroad CotanimtonerSf Stale of South Dakoiot Annual Reports 
beguming 1889 
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* loflbtdM the praaeot Fail Riw Gouty t TiKitMloe por«u»w of Butte, Meade and PeniunctoQ counfaee. 

Data from Cenfttis of the United State* Vos, 10-15, l;mted States Department of Commerce, Bureau of the C«isu3 
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The urban populations of the well-situated towns ad\anced dunng 
the decade from 1910 to 1920 (lable II), probably m part as a result 
of this better transportation lind an increase in trade, but the rural 
population decreased The ranchers experienced three years of 
drought near the first of the decade and recognized the advantages 
of enlarged farms, the application of dry farming methods, and an in¬ 
crease of stock grazing ** Dunng the same period the mining centers 
of Lead and Deatlwood showed marked declines, for many of the 
large mines of the area were closed down 

hrom 1920 to 1930 tounsm assumed truly significant proportions, 
and nation-wide advertising, coupled with a senes of “wet" years, 
attracted many to the Hills With the development and improve¬ 
ment of roads the population increased rapidly in both rural and 
urban areas (1 able II) 

THE PRESENT DISIRIBUTIONS OT PEOPLf AND ROADS 

The present pattern of population distribution has emerged from 
the flow of these fluctuating numbers over and around the features 
of the physical background The larger population agglomerations 
are now at the chief commercial foci or at the mining centers Of the 
42,000 inhabitants within the Black Hilh 29,000 live in agglomera¬ 
tions (Table III) The remainder of the population is widely dis¬ 
persed (Map 18 B) In some parts of the Hills many miles separate 
the individual homesteads, and the distance is magnified by the 
difficulties of communication The ultimate of this pattern of dis¬ 
persal IS the lone prospector living in his cabin in a secluded gully, 
or the solitary rancher who is content with his small plot of potatoes, 
a few head of cattle, and the lumber which his homesteaded land 
provides This dispersed population is united with the population 
nuclei by roads which converge on the focal points and present a 
loosely woven mesh covering the surface (Map 18 A) Mam roads, 
carrying more than average traffic, are graded and usually surfaced 
These express the mam arteries of travel, whereas secondary roads 
ere traveled less frequently and are merely graded The pattern is 
oompUcated by other roads of lesser importance, which are ungraded 
and are used only by the more dispersed population 

Within the Interior Basin the population has a total density of 

»♦ VUher, S 8, ‘*Tbe Orography of South Dakota," 8oi*<A Oak Otd and 
N<U IM Surp Bull 8 189-162 1918 
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16 4 per square nule, but outside the agglomerations the density 
per square mile is only 4 3 (Table Ill) There is a tendency toward 
concentration on the broad parks or m the narrow confines of deep 
valleys Mining clusters have grown up in striking contrast to their 
scantily populated surroundmgs (Map 18 B) Roads reach the Basm 
by direct routes across the encircling plateau, and most of them are 
aligned north-south within the division itself Generally speaking, 
they retain their routes within the \ alleys as much as possible, 
traversing the ndges only m order to reach adjoining valleys (Maps 
16 A, ISA) 

On the other hand, the Limestone Plateau has a highly dissemi¬ 
nated population, with a density of only 1 5 per square mile I^rge 
areas are too high for successful cultivation, and much of the Plateau 
is relatively inaccessible There is, however, a tendency toward 
concentration along the outer margin of the Plateau, where the slope 
IS gentle and liihere the soil is denved from the Minnekahta limestone 
(Map 18 B) The alignment of roads is a reflection of their function 
of connecting the outskirts of the Hills with the population agglomera¬ 
tions of the Interior Basm 

Within the Inner Lowland marked population clusters are found 
on or bordering the flat areas of alluvium or, m a few areas, on the 
lower terrace deposits which can be used for agriculture Small 
towns, foci for the surrounding ranchers, are located at pomts where 
the major streams cross the Lowland (Map 18 B) The predomi¬ 
nance of an agglomerated population is shown by the fact that the 
total density per square mile is 31 1, whereas that of the dispersed 
population IS only 4 8 per square mile Main roads, which almost 
encircle the Hills, confine themselves to the gently rolling plain, 
southeast and west of the region, but traverse the Inner Lowland to 
the northeast, north, and south, where extensions of the Hills would 
otherwise cause marked deflection from the east-west Une of travel 
and where easy access from the east is obtained by way of the water 
gaps The road pattern, unlike that m the rest of the Hills, is rec¬ 
tangular at a few points within the Lowland (Maps 16 A, 18 A) 

In contrast to the Inner Lowland the steeply sloping eastern 
portion of the Outer Rim is practically uninhabited, but to the west 
the broad valleys and flat-topped ndges are the sites of many ranches, 
which explain the population density of 2 2 per square mile (Map 
18 B) The ranchers of this division are served by the small towns 
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of the Inner Lowland or by those on the adjoining plains Most of 
the chief roads cut transvirsally across the Outer Rim, following 
eitlier the valleys or the ridge tops 

In the Upper Belle hourche Hivor Basin the majority of the 
ranches are m the valleys The focus of the area is Hulett (Map 
18 B) It IS toward this center that the roads converge Finally, 
on the Uplands of Tertiary deposition there are a few ranches where 
water is available and the sod suitable for £ignculture 

Beyond the outer margin of the Hills the scarcity of water and 
the character of the soil results in a concentration of habitations 
along the streams or near the wal(‘r supply offered by artesian wells 
I he marked concentration of the rural population cast of the region 
may be correlated with the abundance of water descending from the 
Hills and with the existence of terrace deposits which cover the gumbo 
clay The effect of the Government irrigation rroject east of Belle 
Fourche is seen on the map of population distribution (Map 18 B) 
Rectangulanty of road pattern on the plains is common, hut a general 
convergence of routes toward the main entrance towns of the Black 
Hills IS discernible (Map ISA) 

Concentration of agglomerations in the eastern portion of the 
region is associated with several facts it is here that the mines are 
located, water is abundant, the mam tides of settlement advanced 
from the east and south, markets he to the east, and railroads lead in 
that direction A striking correlation between the distribution of 
railroads and population centers is apparent towns distant from 
the nilroads are showing definite signs of retrogression, whereas 
Rapid City at the railroad focus of the region is the largest aggloincrar 
tion of the Hills 


THE MODES OF OCCUPANCB 

Four modes of occupance have reacted on the regional scene 
mining, ranching, lumbermg, and recreation Though there has been, 
as we have indicated, something of a succesmon of these modes m 
time, yet all of them survive and are still active in one part or another 
of the Hills Each group of people, with its individual mode of 
occupance and m accordance with its own necessities, has sought out 
and utilized (juite different elements of the physical background 
One has made use of the rich ores, another, the plentiful supply of 
timber, another has brought about the settlement of areas favorable 
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Map 19 For explanation of maps see bottom of opposite pnice 




The Black Hills 


367 


for agriculture, and still another has recently developed the utiliza¬ 
tion of recreational advantages offered by the Hills ** he\ erol distinct 
patterns result Each of these is a generalization of the distribution 
of the specific forms resulting from one mode of occupance Yet from 
the blending of all these patterns impressed upon the physical back¬ 
ground emerge those qualities and characteristics which give individ¬ 
uality to the occupance of the region In other words, the unity of 
occupance within the region may be resolved into its component 
parts 

Mining 

Mining is concentrated within the Interior Basin, where mineral¬ 
ized zones occur in close association with igneous rock which has 
been intruded into the pro-Cambnan or early Paleozoic rocks 
The massive granite and associated pegmatites m the southern Hills 
are of pre-Carnbnan age themselves However, in the northern 
Hills many of the mineralized zones are related to Tertiary in¬ 
trusions (Map 10 A) Of relative insignificance, coal mining was 
concentrated within the Outer Rim near Cambria and Alladm (Map 

"Van Royen treats the occupance of the Black Hills undtr Bomewhat similar 
groupings See Van Royen, W, “De Black van Zuid-Daknta Een 

sub-humied £4land in een aemi-aried Gobled,*’ Txjd«chr v eeon Gtographtef 
23 177 188 1032 

* Emmons, W H, " Relations of Metalliferous Lode Systems to Igneous 
Intrusions," Am in$t Mtn and Met Eng, Tram , 74 33 1926 Sw also 
Connolly, J P, and O'Harra, C C, The Mineral Wealih of the Black Hills, 
Bull 16 270 South Dakota School of Minos, 1929 


EXPLANATION OF MAP 19 

A Data from J P Connolly and C C O’Harra, The Mineral Wealih of ike Black 
HiUs, Bull 16 (South Dakota School of Mines, 1929), J D Irving j^conomte 
Resources of ihs Northern Black Hills, U S Oeol Sure , Prof Paper $6 (1964), 
V Ziegler, "The Mineral Resources of the Harney Peak Pegmatites— I ' 
AfwtngOTidScwnfVh! Press, 108(1914) 004-008, E P Rothrock "Mineral 
Producers m 1929," Report of Jnoesttgations, No /, South Dakota Oeol and 
Nat Hist Surv (1930), J M Hill, The Mining Pteintis of the Western 
UnUedStates, V 3 Oeol Surv.BuU 507(1912) 

B Placement of dots controlled by field data withm the Black Hills, and from 
general knowledge and with the aid of the folios of the U S Qeot Surv out¬ 
side the region 

C Data from H S Graves, "Black Hills Forest Reserve, ’ U A Oeol Surv 
Annual Rep , Part 5 (1899), A B Hood, "Logging Operations in the Black 
Hdls," The Black HtUe Engineer 16(1928) 120-136, NaUonal Forest 
General Maps of the scale 1 126,000 
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16 A) A honzon of bituniinouH coal occurs at or near the base of 
the sandstone formations underlying the cucsta^ 

Ihe impress on the lanilscape of the Blaik Hills by mining is 
now partly erased, for tbi majority of the mines, mills, and rail¬ 
ways he idle or have been tompletdy abandoned As late as 1904 
there were forty-eight lode mines producing gold, silver, and lead 
By 1910 the number had f illen to eighteen In 1930 only two were 
actually m operation ** One was the Homestako mine, the largest 
producer of gold in the United fetiites The other was a smaller 
working on claims at Keystone Mines yielding metals other than 
gold have experienced very irregular activity, but soveril small mines 
in the vicinity of Keystone arc being worked at present 

The impresses resulting from this mode of oocupance are many 
In 1904 Jaggar stated that “railway branches and loops are now so 
numerous m the mining district as t/o form a conspicuous artificial 
feature of the topography, the same may be said of thi innumerable 
tunnels luid prospect holes with tluir dumps jutting out from the 
steep gulch slopes, the size of (ho dump an index to (he depth of 
tilt digging At present these features remain merely as mute 
evidence of former widespread expansion and subsequent decline 
Many abandoned mining towns, such as Kochford, Galena, lerry, and 
Irojan, enhance the impression of decadence (PI LWVIII, Fig 2) 
Lead, however, is outstanding as an active mining center, for the 
Home^itake properties are concentrated m its eastern section and 
present a truly complex industrial scene Ihe town itself has been 
narrowly restricted by the valley sides, where the houses, rising 
above one another, overlook the commercial area (PI LXXX, 
iMg !)«« 

Placer mimng, which had ceased m 1930, has since then rapidly 
increase^l In 1931 eighty-three claims were being worked ** How¬ 
ever, the ofiFect upon the landscape is slight The dispersed popula- 

Stone R W, Coal near the Black HtUa tn Wyonang and ^outh Dakota, 
U 6 GeoL Surv , BuU m 144 1912 

” Hondersnu, C W, articles on gold, silver, copper, lead, and zm in South 
Dakota and Wyoming, m vanous numbers dt U S Gcot iSwry through 1923, 
continued as annual reports by the IT 8 Bureau of Mines, Mineral Resource, 
Parti * ‘Metals^' 

** Jaggar, op cit ,p 16 

w Quthe, O K, ‘‘Ixjad and Rapid City,'* Pap Mich Acad Sd , Arlt and 
jX(«rM8(1932) 143-149 1933 
“ Henderson, op cU 
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tion at one time dependent on this activity hiu> now been replaced by 
ranchern 

Ilafiching 

The ranching pattern, aa indicated by the distribution of crop 
acreage, ik tot illy different from thit of mining ( rop produetiem 
IS concontrated beyond the outer edge of the limestone Plateau on 
the relatively level ireas of the Inner T^iwland and the adjoining 
plains, particulail> on the broad alluvul flats where nth soils can be 
irngatenl Ihe moie rugged surfaces of the Outer Umi, the Plateau, 
and the. Interior Jiusin remain today only sparselj settled by ranch¬ 
ers (Map 19 B) 

1 here are three ehie f types of ranches in the Black Hills the first 
has a large {lortion of its crop land under irrigation, the second is 
the large ranch with extensive fields of grain, from which a surplus 
IS obtainable when the maiket is fivorablc and the third is the 
small ranch, where only forage crops are giown, with occasional plots 
of potatoes Transitional types can, of course, be ree ognized Nearly 
all these ranches involve the raising of stock beef cattle or sheep 
on the majority of the ranches, but with an increasing specialization 
in dairy cattle on the irngated lands near the laiger towns 

Ihe ranches dependent on irrigation are localized on the broad 
alluvial flats of the major streams which flow out of the Hills The 
most noticeable coneemtration of them is on the eastern and north¬ 
eastern Hides of tlie Hills, where permanent sti-eams are found Spear- 
fish Valley is the outstanding eeuiter for this type of ranching These 
innchcH are not limited to the Hills, but extend to the plains Iiri- 
gated fields are dominant and produce forage crops, such as barley, 
corn, and alfalfa, and also wheat and oats (Map 20 B, PI LXXVIl, 
Fig 2) Small fields of vegetabhs, fruit, and sugar beets are also 
grown Apples are the chief orchard crop, sugar beets furnish part 
of the supply for the Utah Sugar Refinery at Belle Tourche Ihe 
imgation pnijccts within the Hills arc privately owned, mdividually 
or cooperatively For instance, there are nine leads from Spoarfish 
Creek, and ten or twelv e ranchers cooperate m using one ditch 

The large ranches with extensive unirngated fields of grain occur 
on the better sites for agnculture, on the outer margin of the Lime- 

** Premmt and proposed irngntion projects and power developments for this 
region are discussed m Cheyenne Htvcff South Dak and Wyo ^ U 8 i 
iat Seanonf Houae DocumorU No 190 (1932), map 11 
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stone Plateau, m the Inner Lowland, on some of the more level 
portions of the Outer Rjra and the Upper Belle Fourche Basin, and 
on the adjoining plains Within the Inner Lowland the concentra¬ 
tion of cultivated land on these ranches is m the broad swales where 
moisture is available and on the low flat terraces where soil drainage 
IS not too rapid for crop pnxluction The high gravelly terraces, the 
cxjxisures of red shale or gypsum, and the highly dissected areas are 
avoided A few nonforested ndges and valley broademngs on the 


A B 



Map 20 See Map 19B for the locatione of those areas 


Outer Rim west of the Inner Lowland are suflfiicienUy extensive to 
support large ranches Tlie chief crops grown are corn, wheat, and 
alfalfa, although m some areas oats and barley are important A 
large proportion of these crops is used for forage, but usually a 
surplus is available for shipment 

Ranches of the third type are relatively small and m nearly all 
places are restneted to the elongated areas within the grassy parks of 
the forested sone They are most widespread on the gently rolhng 
surfaces of the Interior Basin and the Plateau (Map 19 B) Oc- 
ca^onal ranches are m the deep narrow valleys and gorges in the 
more dissected portions, but here the fields are very smaiJ and are 
narrowly confined to the valley floors The ranches are mostly 
homesteads or patented mining claims within the nationid forests 
On Map 21 the distribution of privately owned land within the forest 
is indicative of the agricultural value placed on the various sites, 
first by the homesteader, but later by the National Forest Service 
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A markeci ccmceniration of such tracts is noticeable on the praiiio 
grasslands and in the parks of the more gtntly rolling surfaces of the 
Basin 1 he deeply cut valleys of Rapid and ( as tie creeks arc 
avoided, but the more rolling surfaces near the eastern part of the 
Basin are settled, and there seems to be a dustinct tendency to locate 


* *tCT10W WC5TWAWD fWOM WA>»1P COV SOUTH DAKOTA 




21 

adjacent to the mam highways On the ranches of this third typo a 
large portion of the grass is cut for hay, but fields of oats the 
dominant gram crop “-are mtersperseil in many places, while po 
tatoes are the money emp The ranch buildmgs, not uncommonly 
constructed of logs, stand at the base of the bordering slope, separated 
from the fields by the road (Map 20 A, PI LXXVI, Fig 2) 

The grazing area is widespread thnnighout the region and in¬ 
cludes timbered and scrub lands as well as grasslands Grazing of 
cattle on the open range was formerly a thriving industry, but now, 
with the pasfidng of this range, the rancher has recognized the ad- 
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vantages offered by the National Forest Service Stock is driven 
into the Hills every summer and is run on assigned units At the 
end of the season the cattle are gathered togethi r at shipping points 
located along the j^ailroads, for most of them art taken to Sioux City 
and Omaha as feeders The railroad uUlired depends upon relative 
accessibility and rates Sheep an. secondary m importance and are 
nistncted within the natnmal forests to a few units, but they ait 
extensively geared on the plains outside the region 

Lumhenng 

Lumbering, althougli pt rmanent as an industry within the Hills, 
IS restricted to the area of (ommercial timber, but presents an ever- 
ehanging distributional asp( ct (Map 19 C) As the cutting proceeds 
from gulch to gukh the portable sawmills are moved to new working 
locations, and oven tht large-scale lumlienng activities of the Warren 
Lamb Lumber Company progress from drainage basin to drain vgi 
basin as the available timber is cut In 1926 there were fifty saw¬ 
mills within the Hiack Hills region 

Scrubby second growth and large burns give evidence of a rapid 
forest exploitation during the first years of settlement (Map 19 C) 
Most of the limber was used in the mines, m the wooden buildings 
of the towns, and m the construction of numerous railroad lines 
Since 1898 timber cutting hovS been regulated by the National Forest 
Service, and it is managed on a sustamed-yield basis, which gives 
permanency to the inrlustry ^ 

Ihe settlement forms resulting from the lumbering induslry are 
multiple and are concentrated within the more accessible portions of 
the forested area Abandoned small sawmill sites can easily be recog¬ 
nised by the large piles of sawdust at the mouths of gulches, the slopes 
of which have lieon visibly thinned out At other points the operat¬ 
ing mills arc seen Ijogs decked m the woods are a common sight 
3 hese are awaiting the trucks to take them to the mill 

The difltnbution of the smaller mills is determined largely by 
the piactice of the Forest Service of dividing the area into working 
circles tributary to definite shipping points These circles are further 

** Boardfihear, W 1), “ I umberUig m the Black Hills/' The Black HtlU 
Bngtneer 14 177 1926 

** Duthie, G A, ‘Timber - an Economic RcBOurce of the Black Hills,*' 
The Black HtUa Bnfftneer, 10 106-109 1928 
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di\ide(i into logj^ing units tach logging unit takes in the drainage 
basin of a nmall tributar} of one of the larger streams of the Hills 
The Forest Servne allows logging only on those units which are 
suitable Since the stands of timber suitable for cutting are scat¬ 
tered, the lumbering activity at any one tune is also very scattered 
within the forests 

The lumbormg aetivitics of the Homestake Mining Corporation 
are centered around the two camps of Nemo and Moskee (Map 19 C) 
A large mill has been erected at Nemo, whu h has been an established 
lumber camp for thirty-h\ c years It is now a small thru mg town, 
dependent on the activity of the null hor many years a railroad 
was maintained m operation betwii n Lead and Nemo, but now motor 
trucks arc in use No town has grown up at Moskee, which is second¬ 
ary m imp(»rtancc to Nemo In 1925 these two sawmills produced 
about nine million feet BM 

The Warren Lamb Lumber Company is the large st operator in the 
Hills, and in the same year produced seventeen million feet BM ** 
Its mill IS located on the northwestern edge of Rapid C ity, easily 
accessible to tlie railroads (Map 19 C) The first logging operations 
of the predecessors of this company began in 1908 Since then the 
company has logged, m succeasion, the drainage basins of Victona 
Creek, Deer Crook, Galena (’reek, Bear Gulch, Slate C’reck, Spnng 
Creek, and now Horse C reek (Map 19 C) Ail these areas lie on the 
eastern side of the Hills and were made accessible by the construction 
of temporary railways The railway into th< Horse Creek area is 
still m use Migration of activity is, then, the ossi noe of thus mode 
of occupance 

Paradoxically enough, this constant movement of logging opera¬ 
tions results in greater permanency of other forms within the Hills 
Custer, which was in a stage of decadence after the decline of the 
mining industry in ita vicinity, has now become a relatively prosper¬ 
ous town, largely dependent upon the continuous lumbering activi¬ 
ties of the working circle for which it forms a center (PI LXXX, 
Fig 2) The Nemo working circle serves Nemo in a like manner 
Otherwise the visual results of lumbenng will probably continue to 

The Black Hills Natmiial Forest and Harney National lorest Rec jrds 

* Beardshcar, op ci<, p 175 

Hood, A B, "Logging Opt rations in the Black Hills/ The Black 
Engineer, 16 129-135 1928 
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appear at new points, mark the immediate landscape for a time, and 
then later slowly blend with the surroundings 

Recreation 

Recreation has also tended to retard decline in many parts of the 
Black Hills The matenal forms of tounsm are definitely concen¬ 
trated along the mam highways m the eastern portion of the Hills 
(Map 19 D) Here the wooded slopes and the clear, flowing streams 
form a pleasing contrast to the hot, dry plains m summer Rugged 
scenery and historical points of interest are also found Rapid 
City 18 the center of this recreational activity and forms the gateway 
for those entering from the east It is from this point that tourist 
travel radiates into the Hills proper They lie in an advantageous 
position between the eastern centers of population and the parks 
of northwestern United States, and graded roads break away from 
these through routes and invade the interior, only to meet them 
farther on In this way the impatient tourist exponences but a slight 
interruption m the continuity of his travel 

hoT many years the t/Ounsts were earned through the Hills 
pnmanly by trams With the improvement of highways and the 
increase m motor travel there was a definite shift withm the Hills 
from a concentration along railroad lines to a concentration along 
highways In 1924 nearly 30 per cent still came by tram In 1930 
about 95 per cent drove automobiles With the change m the mode 
of travel the natural recreational resources of the region increased In 
value as a result of greater accessibility 

Graded roads, hotels, lodges, cabin camps, forest trails, golf 
courses, and many other improvements for the acoommodation of 
this transitory group are seen on all sides The state and national 
forest and park services combine in their policy of maintaining such 
features Custer State Park is the largest state park in the Umted 
States, and includes some of the most scemo features of the Hills 
(Map 19 D, PI LXXVI, Fig 1) The inclusion of Harney Peak 
and the surrounding heights within the park was a result of the cre¬ 
ation of the Custer State Park Game Sanctuary from some of the 
lands of the Harney National Forest •* The Meade Federal Game 

” HftTiwy National Forest Eeoorda 

** Torroy, R H, State Parkt and Reereaiwnal Utee of State Faretie m the 
Untied States (Wa^ngton, 1926), pp 231-234 
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IlefuRc west of Sturgis is partly responsible for the preservation and 
propagation of the game life within the region The Federal and 
state fish hatcheries at Spearfish and Rapid City supply many 
thousands of rainbow, brook, and black-spt^tted trout to the larger 
streams each year ^ Unique attractions under governmental con¬ 
trol are Wind Cave National Park, Jewel Cave and Devil^s Tower 
national monuments, and, more recently, the Rushmore Memorial 
(Map 19 D) 

Ihesc features, to which might be added many other points of 
interest to the tourist, are individually of little significance as a part 
of the areal scene, since each is unique in the area On the other 
hand, as an aggregate they have directed the spread of recreational 
activity and associated forms within the region 

From the blending of the patterns recognized in the preceding 
analysis the unified whole of the cultural impress is seen m all its 
complexity This complexity is functionally exemplified in Rapid 
City, which has grown into the largest urban center of the Hills 
(PI LXXIX, Fig 2) It serves its territory m many ways, all of 
which are noted in the urban scene Of outstanding importance is 
the commercial function, for Rapid City is a point upon which routes 
converge Its trade area includes the entire Hills and the adjoining 
plains Mining is reflected in the State School of Mines, ranching 
m the flour mills and crearnenes, lumbering in the Warren Lamb 
lumber plant, and the recreational activity m the several large cabin 
camps and camping grounds, as well as in hotels, which are far too 
impressive for the actual size of the city ^ 

Conclusion 

These types of economic activity and the design given to the 
areal scene of the Black Hills by the union of the patterns of the 
physical background with those of the occupance result in a recog¬ 
nized unity — an insular quality which definitely separates this region 
from the expanse of the Northern Great Plains 

The gross features of the mold, recognizable m the major linea¬ 
ments of the surface, seem to dominate the patterns of the other 
elements of the areal scene The general patterns of the soil, the 

Booth, D C, "Fiah Culture In the Black HiUa,'* PaKatapa Quarterly, I, 
So 4 16-17 1913 ** Guthe, op «I,pp 150-155 
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foreHs, the grasslands, the population distribution, and the roads, 
for example, conform to the major expression of the mold Each 
mode of occupance has brought an individual pattern of forma asso¬ 
ciated with it Mining is concentrated withm the Interior Basin 
Ranchmg reaches its best development on the outskirts of the Hills 
Lumbenng, less restricted than immng, has expanded from the Tn- 
tonor Basin to the Limestone Plateau Recrtalional features alone 
deviate from the major lineaments 

The drainage pattern, on the other hand, reveals the minor irregu- 
1 an ties of the mold and forma the skeleton m relatum to which the 
details of the landscapes align themselves The valle> parks of tlie 
Intenor Basin and the irrigated alluvial flats of the Inner Lowland, for 
example, conform with the drainage hnes, but are diametrically op¬ 
posed to the alignment of the gross features 

These major and minor lineaments bring out separate distribu¬ 
tions which, blending together, create the ngional design of the 
Black Hills 

Umversity of Michigan 
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THE CENTRAL PYRENEAN PIEDMONT 
OF FRANCIE 

HFNUY MADISON KPND\U 

T hough the Aqmtam Basin (Map 22) ^ of southern France is 
commonly regarded as one of the major gfographic uniK of 
the European continent,® it (an in no way be thought of as an un- 
differentiateil lowland of uniform landscape Morphologically, it is 
distinctly set apart by Brittany and the Massif ( cntrul on the north 
and east, by the Atlantic Ocean on the west, and by the high rampart 
of the Pyrenees on the south One opening to the north, the G lU of 
Poitou (Poitiers), and one to the southeast, tlu (Ute of ( arcassomu, 
break through the otherwise well-dthned nm of this saueei of land, 
half-covered by the Atlantic Ocean In spue of these emth ts, the 
land looka westward to the open ocean, whcnii come tlu rain- 
beanng winds wluch make it well watered Some of its area is with¬ 
out a dense population and is admirably adapted to pastoral pursuits 
Other portions with a greater density of population have charaettr- 
istics eminentlj fitted to agriculture It is not a land of industry, for 
it lacks the natural res<m^ce^ upon which modern industry is based 
It is dominantly rural, though its major cities are born of the im¬ 
portance of commerce From this point of view the 4quitain Basin 
18 a clearly recognizable unit When detail is (\amincd, however, 
the variety of landscape expression becomes evident, and sectional 
differences assume paramount importance 

One of the group of tiles which, placed together, make up the 
mosaic of landscape of the whole Aiiuitain Basin is the Central 
Pyrenean Piedmont It la known by a variety of pays^ names, of 

' Map 22 gbowa place iiain<8 mtntioned lu th( text No further rof'^renee to 
this map will be made 

» Vidal de la Blache, Paul, La r rafwe (Hachette, Paris, 1008), Do Martoime 
E, Lei Rigtone jgSoffrapktguett df la trance (f lammarion, Faria, 1021), Ffevre, 
Joseph, and Hauser Henri, lUgvnn ci pays de France (AUan, Pans, 1909 j 

» Galloia, I , H^gwM naturtUts et nom» de pays (Colin, Pans, 1908) See 
particularly Chapters 1,11, XI, and XII 

A paye is an area which is popularly thought of m I ranee aa one of essential 
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which the colIecti\e Pays du Gers scemf^ well smted, even though this 
IS an extenfuon of the uHual sense in which that name is used Pays 
du tiers and Central Pyrenean Piedmont of France may be used 
interchangeably 

'rUb ftETTlNO 

The Pays du Gers forms a distinct geographic region, though, 
because of its considerable jirea, which is about square kilo¬ 

meters, it presents noticeable variety of detail throughout It is set 
off clearly on three suks, but to the west it blemls with other portions 
of the piedmont To the south it is <ut off by the PyreneeM and the 
valley of the Neste * while to thi east and north it is delimited by the 
nbbon-like plain of the Garonne To the northwest lies the expan¬ 
sive, low, sandy plateau of the I andt^ ^ The limits have been recog¬ 
nised not on the basis of surface character alone, but from the aspect 
of the surrounding land as contrast! d with that ot the land inclosed 
within the bounds mentioned 

Surface configuraiwn and hydrography 

There is a continuous gradation of surface and dnonago forms 
from the Pyrenean front to the Garonne Valley Ihree zones of 
combined forms may be recognized They arc first, the nearly 
level plateau surface with incipient drainagt, second, the section of 
asymmetrical valleys • with asymmetrically placed major streams and 
youthful interfluves grading northward into mature ones, and, third, 
the zone of late mature valleys with widely meandering streams 

unity in both the forms of the fundanv nt and thois of the i>coupance In many 
instanccii, though not mvAnaWy, this conwi>t holds iJnic Pays are of several 
Orders of magnitude as, ftir txample, m Omdomois, which is part of Haut Ar- 
magnac The latter is, in turn, part of the larger pays of Armagnao and also 
port of the Pajs du Gers The limits of a pays art not always determined by 
oxaot criteria but, ratlu r, by common usage 1 he namt s of many of the pays 
of hranoe are so well rtoognizod that thtir usage techni(a!l> as well as popularly 
is common 

• Sorro, M , Pyr^n^ea (Ckthn, Pans, 1928), pp 138 141 

• De I^aunay, L , Qeohgte de la France (Colin, Pans 1921), p 291 

• The cause of asymmi try of the valleys of the Pyrenian pitnlroont has been 
a muoh’discussed problem for which no coinplitely satisfactory solution has as 
yet been offered Sec T 4 iurant, Gustave, “I Armagiiac et les pays do Gers, 
Ann d$ geog, 20 H5 1911, l-abre, I A, **La Dis^fymi^tric dew values et Ja 
loi dite do De Ba<r, jiarticuli^rcment on Gascogne,” IjQ Oiog , 8 291—309 1903, 
R6clas, , Im France, Vol II m NaavrUe gMyraphte umetsrseUs (Haohette, Pans 
1877) 
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separated from one another by belts of maturely dissected inter- 
stream spaces 

A broad expanse of nearly level land stretches northward from 
the front of the ( entral hrench Pyrenees (Map 23, PI LX\\I, 
lug 1) Ihis IS Ihe plateau of Lanneme/an, all that remains of a 
formirly more extenanc mass of fluvio-glacial detritus ^ The apex 
of this deposit is on the slope of the mountain which forms the left 
bank of the upper Neste Valley From that point tht land descends 
gradually and spreads out like a fan northward Numerous streams, 
all contributing*to the volume of the Garonne except a few which 
bathe the western tnlge of the mass, h ive cut their way lu ad ward into 
the fan, so that the present northern edge of the plateau is a succes¬ 
sion of narrow, flat-topped, finger-like ridges separated from one 
another by steejvsided, V-shaped valleys (PI LXXXI, Fig 2) 

Th< se finger-like remnants extend as much as thirty kilometers 
from (he apex of the fan (Map 23) With increasing distance from 
the mountains thev become narrower, and the valleys lietwcen them 
become wider and less notched They are asymmetrical in cross- 
section with, usually^ sttep eastern walls and gentle western ones 
Their floors are fille<l with alluvium, both ancient and recent They 
are definitely aggraded 

Beyond the latitude of Audi there arc few youthful remnants of 
the upland surface Northward the country appears to be made up 
of several lines of well-rounded hills The valleys which separate 
them pwsent the characteristics of late maturity or old age They 
remain asymmetrical somewhat farther to the north, however 

As the Garonne River is approached, the valleys become narrower 
and the interfluv es are more prominent They break away sharply 
to the Garonne lowland over two levels of terraces,® which are well 
defined except where the nver is sapping its southern valley side All 
the affluents of the Garonne on its left bank cut trenchlike valleys 
through these terraces Though these valleys are not wide or deep, 
they produce a surface which is dissiimlar to that m the hilly land to 
the south This surface marks a distinctive change of landscape be¬ 
tween the Pays du Gers and the plain of the Garonne 

’ Fabre, I A, “Le Rol de la Gaiscogao,” La GSog, 11 2^7-284, 343-^58, 
413-484 im 

* Chaput, E “Rechercbos «ur revolution dcs terrassee de TAquitaine,” 
BuU ,So€ dh%s not de TotUoute, 66 17-100 1927 
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Only along its northern etlge is surface water to lie seen on the 
plateau of Lanntmezan The main body of the upland is not fretted 
with valleys, nor are there any lakes oi rnirshes on it In some 
places the waier table aiiproathcs the surface, and, here and there, 
temporary bogginess may occur Iho northern edge is quite differ¬ 
ent Here the headward cutting of tlu streams forms a very deeply 
indented surface, Ixith vertically and horizontally It is the streams 
and their v’-alleys that limit tlu plateau proper The upper portions of 
the streams form an integrd part of the surface in that they are the 
vital force which controls this limit, now more or less fixed by the 
intervention of man ® Beyond this Jiimt there is a (Jjffcrent complex 

Almost throughout the zone of outstandingly asymmetrical val¬ 
leys the steep right bank^ of the stieams and the gentle, though 
latitudinally serrated surface of the left banks, are separated by the 
fiat valley floors of aucitui and rtceiit alluvium iiuo which the pres¬ 
ent rivers art cutting (PI TiWXI, big In a few places the 
left bank is the steep one whiU the right bank is gentle Ihe relief 
of any one of the three surfaces is the result of the carving of the 
tributaries, except the channels of the in un streams Ihe secondary 
streams have not progressed to the erusional stage of the major nvers 
and have cut only V-shaped valleys They produce on any one 
surface a washboard (ffect fhis roughening is found almost with¬ 
out exception on the surfaces of gentle slope The few torrential 
nvulets of the steeper sIoj)es cut ravines which advance headward 
rapidly and indent the sky line of the valley sides to a greater depth 
than those of the opposite banks 

In the lowest, or northernmost, zone there is found a country 
which, if one looks eastward or westward, presents the appearance 
of an ocean breaking against a shore Northward or southward the 
likeness is not lost, it merdy appears, from the valleys, as though 
one were in a trough between two waves, or, from the interfluves, 
as though one were on the crest of a wave Water has worked 
upon the land to reduce it until a veritable labynnth of nvers, 
brooks, and nils sepaiatcs isolated, gently rounded hills (PI 
LXXXll, Fig 1) 

• Cavmll&i, H , “la Houilh blancho dans Ics l’yr('n6es frangaisea," Ann de 
(r%,28 490 1910 

Fabre, L A , “Hur le Mplna ratnt vers I'est dt>8 oours d'eau qm rayonnent 
du Plateau de I^anneniesan/ Citmpie rendu Acnd «« He Pans, 127 204 1898 
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The stream pattern corresponds to the zonal arrangement of 
surface forms (Map 24) The rivers flow in a radial pattern fn>m the 
plateau of Lannemezan m a general northward direction to their 
confluences with the Garonne Near their headwaters they follow 





Map 24 The Pays du Gers and surrounding area Based on 
Carte de France k t 200,000 — 1027 Edition 

rectilinear courses and have few tnbutaries Farther northward the 
number of tributaries, particularly on the left banks of the main 
streams,” Is increased and the pattern is comblike In the northern¬ 
most zc»ne the number of small tributaries is decreased while that of 
large tnbutaries is increased There the pattern is dendritic m de¬ 
tail Throughout their whole length the radial arrangement of the 
streams from the plateau is fundamental Other detailed patterns 
U Fftbre, op, cU^p 203 
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which are encountered arc amplifications of this or are combinations 
of it with others 

The reaction of the streams b> the climatic ri^gime can be noted 
clearly The ponod of highest water is usually during April and 
May, and it is followed by a period of extreme dryness In July 
and August there is very hllle water in the major streams, and 
many of the smaller ones aie completely dry (PI LXXXI, Fig 3) 
From September onward there is a gnvhml increase in flow until a 
maximum, which is only slightly lower than that of early summer or 
late spring, is reached m December After this there is a slight de¬ 
crease until the end of January, when increased flow is again notice¬ 
able 

More startling than the seasonal changes are the changes induced 
by short penods of heavy rainfall The ofFoctivoness of storms is 
due, in part at least, to the impermeability of the soil near the head¬ 
waters of the streams and on the sU eper slopes The reaction of the 
streams to sudden storms has long been noted ** A heavy ram of a 
few hours’ duration produces a flooding of the flat v^alle> floors of any 
of the major valleys Lvidemes of human attempts at protection 
from these sudden floods, such as the retaining walls which hne the 
Balae at Condom, bear witness t4) the raphlity with which the streams 
answer to the changes m weather (PI LKXXII, Fig 2) 

Since the construction of the canal along the edge of the plateau 
of I/annemesan there have been fewer disastrous floods at the high- 
water periods, and the sev enty of the droughts has been considerably 
lessened,^ but the regimen of the rivers has been very little affected 
Their flow bears little relationship to the snow accumulations of the 
Pyrenees and can be more completely related to the rainfall i^gime 
of the Aquitain Basin as a wholeI here is vanability throughout 
the baein, and the amounts of water in the various nvers decrease 
relatively as one proceeds eastward The regimen does not vary, 
however 

» Lemoine, Ooorges, *'E6«ai sur I hydnunane du ba«»iii dc la Garonne,' 

Ann de (Trfotf . 5 308 1805-96 

“ One of the earluist a( counts la included in Venuttus Fortunatua, ‘*Do 
Egiroio flumine,'* Veftawe fnrlumt, translated by Charles Niaard and Kug6«e 
HiUter (Pinnm-Didot Pans, 1887), pp 58 59 

** Cavaill^, idc cti . , , , , 

*» Umoino, op <si<. p 371, Angot, Alfred, “Regime pluviomfitnque de la 
France (Deuxldme partie R<%ions sud-ousj>t et sud),' inn <U g&og , 27 1-27 
1019 
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Climate 

The climate of the Pays du Gore le that which is found typically 
a short distance inland from the west coasts of continents in the 
middle latitudes Though it shows a transitional character between 
marine, continental, and mountain climates/* there is a normal ma¬ 
rine modification of maxima and minima of temperature ami rain¬ 
fall There are no periods of extremes of heat or cold, and exceptional 
wetness or drought is not general Ihe jiosition of the Pays du Gere, 
open as it is to the Atlantic and the Mediterranean winds, but shut 
m to the south by the Pyrenees, is the dominant feature of the local 
climatic control 

The climatic statistics for Auch may be taken as typical of the 
whole region The temperature is guen m degrees Gentigrado and 
the rainfall m millimeters They are as follows 

JFMAMJJASOND 
Tompf ralure 406382 10 4 14 7 17 2 19 4199 17 1 13 08060 12 0 

PrecipiUtion 53 42 52 73 77 75 50 47 58 58 54 50 689 0 

Soil 

The sod, as rccognired m its climatic soil group by Agafonoff/" 
is of the Brown Forest type Well-de\ eloped profiles are to be 
found in only a few places In general, the sinls of the steep eastern 
valley sides are being constantly removed by sapping and gullying 
as well as by soil creep Consequently, whatever profile might have 
been developed is not now visible in its entirety On the gentle 
western valley sides fJie covenng of alluvium masks whatever de¬ 
velopment there has been Under the mask it is possible to make out 
poorly developed profiles On the valley floors recent alluvium, 

In terms of the K6pp<an classificatioa the type is Cfl> For ontena seo 
K6ppon, W , Dve KUmate der Srde (De Gruyter, Berlin and Lelprtg, 1923), 
particularly pp 120 121, 156-157, 262-267 In terms of tho Thomthwaite 
classification it is BB r For criteria seo Thomthwaite, C W , “The Climates 
of North America according to a New ClassiBcatlon," Oeog Rev , 21 633-665 
1931 See also a map of the climates of the world prepared and distilbuted by 
C W Thomthwaite at the annual meeting of the Association of Amencau Geogra¬ 
phers held at Ypeilanti, Michigan, in December, 1931 

Bernhard, Hans, Landboxmnent lAndltche Bntt>dlkerung und Imuimrtechaft* 
liche Etntoanderung tn Frankretch, mti beeonderer Beruckatchttgung der schweteeri’- 
9chen Annedlung »n Stidw/dfrankrttuik (KOmmerly A Frey, Bum, 1927), pp 97,90 

*• Agofonoff, V , “Ixjs Types de sols de France,” Annak$ de la science o^ro- 
notntgue franfatee et Mrangire, 2 97-120 1928 

*♦ Sm Stremme, H , Allgememo Bodenka^ Europos (Danslg, 1927) 
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which 18 being added 1o constantly, prevents the formation of 
distinct horizons Only in tlu undissi cted remnants of the plateau 
of Lanneinezan have the soil-forming proicsstH gone on undisturbed 
for a time suffidently long to pt mat the formation of honzons which 
correspond to those by which the Brown horest soil may be recog¬ 
nized P \ cn hero the inHut nu of parent material appt ars to remain 


V egetiition 

The rogum lies within tlie belt of mixed hardwood forest, though 
very near its cquatorward maigin ^ the beech family, ropreaented 
dominantly by nuini rous oaks, constitutes the remnants of wood- 
lajid left at present (Map 24) In vuw of the position of the area as 
regards climate and soil, it may be said that this family of trees was 
the most common in tin past Where the ongirml cover has been 
removed and the land is not undtr cultivation, the forest returns 
slowly Partly as a result of this, tht valley bottoms are now 
dominantly grass-covered, with fringes of trees along the water 
courses (PI LXWTT, hig 3) Ihe surface of the plateau of I an- 
nemezan is now moorl iiid (PI JAWI, kig 1), though its original 
cover was probably similar to the present woodland elsewhere 
throughout the region 

In resput to the trees present the aic i is transitional between 
the Mediterranean anil the oceanii categories of Gnussen Three 
types of deciduous oaks {Queicus jyedunculala Khrh , Q Robur Willd , 
and Q Willd ) ^ are dominant, though ironwood {Carpinuft 

Betulus Tourn ), chestnut {Castanea vulgans Link), maple (4cer 
campeiitre L), sycamore maple (Acer p^eudoplalanuB L ), black 
locust (Robtnta pHiudo-arana L ), hazel (Corylm Avellana L ), and 
hawthorn (Crataegwt ojtyacaniha L ) are also common trees through¬ 
out The evergreen oak {Q Ilex L), the cork oak (Q Suher L), 
and the olive (Olea europnea L ), suggesting westward extension of 
the Mediterranean type, are not numerous, but all of them exist 


« A careful though brn f, statement of thi present dt tailed character and 
distribution of the vi^gotatum of th« southi astern part of th( area im included >n 
Gausson, H, V^Halion de la mntii orvmtale de» (L< cht valier. Paris 

1926), pp 348^368 
** Op ai,p 348 

“ All speoi6c names used na tho» listed in Moudlefert P , Traill des arbrm 
seaujt, Part I, bibrairie di a Sriuices MatunUes (Pans, 1892 1898) American 
usage has been followed with rrspect to tbo capitalisation of spcciEc names 
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even beyond the western boundary of the Pays du Gers The Scotch 
pine iPtnus 8yU>estrvt L) oocura quite frequently in areas of sandy 
soil hr (A5ics peciinata DC), spruce (Ptcca excelsa I^nk), larch 
{Lanx europaea DC), and beech {Fayus sylvattca L) add a more 
northerly character to the woods in the few localities m which they 
occur 

Along the stream courses willow {Saltx alba L , S amygdaltna L , 
and S vimtnahs L), alder {Alnua gluttnosa Willd ), and several 
varieties of poplar (PopuZtw ntgra L , P Iremula L , and P alba 
L) form regular dense fringes Other than m these fringes trees 
occur only m hedgerows on the valley floors Frames and meadows, 
interrupt^ by a few cultivated fields, make up the remainder of the 
covermg As one proceeds southward toward the plateau of Lan- 
nemezan, the grasslands of the valleys are leas extensive (PI 
LXXKIII, Fig 1) They finally give way to brush or deciduous 
oak cover 

The plateau and its fingcr-like extensions are fringed with this 
oak woods, which ceases abruptly near the 600-meter contour On 
the plateau the vegetation is moor, except for a few scattered areas 
of oak woods (PI LXXXIII, Fig 2) Furze (Ulex nanus Sm to the 
west and U europaeus L to the east) and heather (CaUuna vulgans 
Salisb) are dominant on this moorland, though two of the heaths 
(J^nca tetralix L and F vegans L) are found in the association 
Their existence in place of a forest cover is a cultural matter The 
continued pasturage of sheep on the plateau has done much to make 
natural reforestation ineffective ** 

Ongmally the Pays du Gers was nearly completely forested, with 
occasional grassy patches along streams ^ The exceptions to the 
forest cover were edaphic and not climatio The present state of the 
forest oovenng is an expression of the use which man has made of 
the area and not of the inherent fundament characteristics 

The base cf human occupance 

The complex of these features of the fundament make up the base 
for man's activity m the area The Pays du Gers is defimtely set off 

** Fabre, 1^ A , I^uidee de l4Uknemie8an," Rw ds ConmingeSt Id 200 
1808 

** Laurant, Oustave, **Annsgnac et pays du Gers/* Rev ds Oasoognst 53d 
year, New Series, 12 453 1012, Pabre, L A, ‘^L.'firosion pyr^nSenne et las 
alluvions de la Qaronne,'' Ami ds giog , U 88 1002 
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from surrounding regions and m this respect is typical of the whole 
northern piedmont of the Pyrenees It is the largest of the many fans 
which spread out from the mouths of the Pyrenean valleys mto the 
central declivity of the Aquitam Basin Por this reason its parts are 
more clearly defined than similar features of the other fans It 
occupies a central position with reference to the Pyrenean front, and 
appears, therefore, to bo the culmination of all the aedimcnt-ary de¬ 
posits of the basin It is a very prominent part of the Aqmtain 
region 

The land surface is fundamental The original feature of a cone 
of detntal material piled up at the base of a mountain range is essen¬ 
tially unchanged From a valley worn deep by glacial action it 
extends, gradually decreasing in elevation, to the me<lian line of the 
basin where flows the Garonne River Back from this broad stream 
tnbutaries have eaten radially disposed valleys into the sides of the 
cone They have all but removed the original surface, leaving, to 
the north, wide valleys with hilly interfluves, and, farther south, nar¬ 
rowing asymmetneal valleys with flat-topped interfluves, until finally 
the V-shaped valleys which scallop the edge of the plateau of Lan- 
nemezan are reached, and the remnant of the old surface, little 
disturbed, Is attamed This is the base into which the ultimate 
roots of human life m the region are grown, and from which have 
sprung the fruits of that occupance 

POPULATION 

Human beings have lived m the Pays du Gers for a very long 
period of time The eariiest occupance of the area about which any¬ 
thing is known was during the Paleolithic period Aurignac, the type 
station of the Aungnacian subdivision of the Paleolithic,’^ lies near 
the southeastern edge of the region Neolithic remams, both at 
Aungnac and at other points throughout the area, can lead only to 
the conclufion that human occupance has been continuous since early 
Paieollthio times ** The evidences of early occupance are not areally 
important in the present landscape, however 

Occuf^ance in histone times has continued to mold the landscape 

*VfturWtt, M C, VrthMUfry (ITmvcreity Press, Cambridge, 1925), p U 

» Astr®, Gaston. '*D6bris squclettiques d’lme race n<k>lithique do petite 
tiuUs d^oouverU k Vic Fescnsac,” BuU Sne (thiM wii de 7 ouiouite, 52 117-132 

1924 



388 Henry Madison Kendall 

mto its present form It is known that the Phoenician'^ ha<l reiuhed 
the Aqmtainian coast in the fifteenth century b < and that they 
had trade relations with the people of the interior as will as with 
those along the coast The land was well known to the (»reek« and is 
briefly mentioned by Stralx) It came under the influence of Rome 
and existed as a separate province 

Many of the towns are at least of pre-Roman date of establish¬ 
ment, and they indicate the alimist static position of life within the 
area since that time It was well known then as an agricultural area, 
and it still remains so m ciisence It has been many timis contested 
for by Tt reeks, Romans, (loths. Moors, bpanish, and Fnghsh, and 
only in relatively recent times has it come under Irinch domination 
The continual influx of cultural elements has not caused any sudden 
and emphatic change in the character of the occupancc Rather, 
vanous items of all the cultures ha\o been fused into one mass, 
which makes up the present cultural phase of the landscape Iho 
effect of th(se culture infusions may be measured m terms of the 
nature of the p<;puIafion and its distribution, the pittcrn of circula¬ 
tion forms, and the use of the land, but to estimate the part which 
belongs to e^ich of the long senes of cultures would be impossible, 
for they ha\e bc'cn completely blended 

The nature of the population 

The population of this part of France is very uniform in type 
The inhabitants during the pre-C’hnstian era were of the Ibenan 
group of peoples,** and, despite the fact that invasions of other 
peoples have been recurrent, this fundamental stock has been little 
changed 

Succe*ssive wav es of people, constantly overriding western Europe, 
plundered the land, but, with the exception of the Vascon influx from 
Spain, the invaders did not settle in considerable numbers Ihe 
Vascons were Ibenan peoples, and consequently the character of the 
inhabitants of the region was not greatly altered when they came 
For all others the Pays du Gers proved simply an obstacle to be 

” Ouilljert, Arietido, IHffUnrc des vUUm de France (Claye, Pans [1844 48?]), 
II 203 

Oeographyf translated by Horace Leonard Jones (Heincman, London, 
1928). 4, 2. 1 

** Bertrand. Alexandre, Noe orxgtne La OauU twatU lee OaiUate (Leroux, 
Pads, 1891), p 248 
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overcome during the invasions rather than i coveted prize, though 
no satisfactory cvplauafion has been made why this land should have 
been passed over by tlu invaders hven after it had become part 
of France in IIW the t>ooplo remained isolitod os a nearly foreign 
group 

During the last fiw tenturies then have been minor infiltrations 
of people of other nationalities Spanish®^ and Itahins^* are the 
most numerous, though there has betn, m recent years, an influx of 
Swiss to tht western part of the Pajs du Gers Only very slowly 
have these people Inen absorbril Ihe inlubitants have remained 
nearly as free fiom admixtures is the Basques 

Ihc present population is distinctly a rural one The Trench 
census lists (lasses of population on the basis of the sire of agglomera¬ 
tion m which the people live Agglomerations of over 2,'5()0 people 
are considered urban, whereas those of snmilei size down to the 
individual house arc considered rural In the 1926 census,^* the 
population of the whole of Trance is given as 40,74^,854, of which 
19,984,720 are listed as uiban dwellers Ihe Department of Gers, 
which may be taken as represent alive of the Pays du Gers for statis¬ 
tical purposes,*!« listed as hiving a total {lopulation of 1%,419, of 
which only 26,250 are urban clwtllcrs I or the whole of Trance the 
population is 49 per cent urban wliereas, in the Department of Gtrs, 
it 18 only 13 per cent urban The rural character is further em¬ 
phasized by (he considtration of (he proportion of persons engaged 
m agriculture In Trance as a whole, m 1921, 23 per cent of the 
people were engaged in agriculture, whereas in the Department of 
Gers 48 per cent were so engaged 

The one basically gcogi iphic cause of depopulation in the De¬ 
partment of (icrs since 1846 (see Tabic I) has ten industrialization 
and urbanization m other parts of France To these other centers 

** WillawiiBOn, James A , ManUnie hnierpnsr^ 1568 (CJarcindou Prpas, 
Oxford, Iftld), p 208 

Cazlot, Piorre, ha \ aUur de latent eu France (Bailiidre, Pans, 19H), p 332 
•• Granat, 0 , (^K***^'^8*** 1929) pp 44 and 45 

” Bomlmrd, op cnl, PI 32 - . . , 

R£»uUat« staluttquee du recemtmeni gin6ral de la populatvon ej^ectui le 
7 man 19X0 (Impr Nutionali, Parw, 1928) , , t u 

« Other phases of the ciut ation of the depopulaticm are discttMcd in Labat, 
Bnuaanuel, *‘En Gascogne 1 'Abandon de la terre," Hev dee deux montieSf 
ftOth year, 5th perwai, 58 635 4)88 1910, and idcw ^hu Gascugne A propoa 
du probldme de la natahti'/ tlnd , 81st >car 6th period 4 62^96 1911 
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TABLE I« 


POPUIATION OP THB DbpARTMKNT OF Gxita 


1790 

268,800 

1846 

314,885 

1886 

274,391 

An VIII « 

270,609 

1851 

307,479 

1891 

261,084 

1806 

295,021 

1856 

304,497 

1896 

250,472 

1821 

301,336 

1861 

208,931 

1901 

238,443 

1826 

307,601 

1866 

295,692 

1906 

231,088 

1831 

312,160 

1872 

284,717 

1911 

221,994 

1836 

312,882 

1876 

288,546 

1921 

194,406 

1841 

811,147 

1881 

281,632 

1926 

196,419 


For 1926 Agglomerated 72,134 

Hcatterod 121,132 

Others, including troops etc 8,153 

French 184 335 

Others 12,084 

Houses 57,315 

Households 54,807 

many of the younger people of Gers ha\ e gone, and few of them have 
ever returned The character of Gers does not permit within its con¬ 
fines the growth of large cities which might combat this trend Gers 
IS a rural portion of Franco and by its own equipment it is forced to 
remain so There has been a growing dislike for ruraf life dunng the 
last two generations, combined with the rise of the feeling that agn- 
culture 18 not a desirable pursuit The area can provide food, cloth¬ 
ing, and shelter, but moneyed wealth is not to be found The large 
city calls up illusions of great v^ealth and easier life than the farm 
As a result, the youth of the country are strongly tempted to leave 
and do so Thus the Pays du G^rs loses population to other sections 
of France where rural life is not predominant 

The dtsirtbiUtiyn of population 

In contrast to that of surrounding regions, the population of the 
Pays du Gers is quite sparse (Map 25) The Garonne lowland forms 
a winding band of nearly evenly distributed population from the large 
seaport agglomeration of Bordeaux to the inland center of Toulouse 
Even beyond this latter place the band continues until the immediate 
pre-Pyrenean valley is reached To the west a triangular area of 
dense population exists between Bayonne, Tatbes, and Mont-de- 

* Anmwire admntilraUf du Ger$ pour 19S0 (Cocharaux, Auoh, 1930), p 67 

” An VIII in the calendar of the French First Bepubbo oorreeponds to the 
period between Sept 22,1800, and Sept 16, 1801, of the Christian calendar 
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Map 25 Populfttion of aoutimestorn France according to the censuo of ti>26 
One dot equals 2,000 peraons Daahtd line indicates the limits of the 
Faye du Oers 


Marsan Of ail the surrounding regions only in the Lamina la a 
aparser population and a more scattered one to be found 

In deWi, the population of the Central Pyrenean Piedmont is 
disUnetly dwaemlnated (Map 26) A rather even spread with 

Statuitioal data for the Pays du Gtrs as a whole are not available, and hence 
oxdy for that portion which hos in the Department of Gere has it been possible to 
eonstruet a detailed map of population distnbution 
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? 26 £bcplanati<m of 8vmb<^' 1: lumts of tlie Pays du Ger», 2 limita of the Departnvent of Gem Statiatica from 
Annuatre odimnuhnoti/ kulortque, et eommercud du Gtre pour 1930 and from RiaruUaU »tattai‘upAes du 

reoensemenl g^fiiral <fe la populcUwn effedui le mor* 19^ Poeition of dots controlled b> position of houses sho'n'n 
oo the Carte de France ^ 1 ^ 000 — 10^ ediUon 
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many scattered nuclei w to be noted The largest of the nuclei is the 
city of Auch, with 12,500 inhabitants lius is tlu only urban ag¬ 
glomeration within the area io the north of the tily the dissemi¬ 
nation is quite even, as is also the spotting of nuclei throughout it 
lo the south of the city the spread i» more uneven, and the groupings 
are fewer and smaller A closer examination of the patterns of two 
small sections will serve to show the essential differences between 
north and s<iuth 

The first of these small sections is the commune of I^ectoure, which 
is in the north-central part of the Pays du Gers The surf \ci ns a 
whole IS in the mature stage of erosion (Map 27 A) The tiers River 
flows northward over a flood plain which has an average width of 
one kilometer Rising in varying slopt^s, the valley walls stretch back 
to mature ndge tops The eastern valley side is steeper than the 
western one Tnbutanes to the mam stream have eaten back into 
the original interfluves and have carveil out stetp-sided masses 
which project finger-hke toward the mam \ alley 

On the remnant of the upland surface which extends farthest 
toward the Gers River there is a large agglomeration, which is the 
town of Lcctoure (Map 27 B, PI LXXXIII, Fig 3) It comprises 
68 per cent of the total population of the commune The remainder 
is scattered over the whole area, with a notable tendency towani 
arrangement of houses m closely knit groups All types of surface 
are used, but fewer houses are on the flood plains than on either the 
ndge tops or the slope s Iho pattern of house distribution indicates 
decreasing density of population with increasing distance fmm Lec- 
toure, regardless of surface typos 

The plaUau of Lannemezan stands m considerable contrast to 
the area of the commune of Lectoure The gently inclined surface of 
the plateau slopes steeply down to the southeast and the southwest 
to valleys of Pyrenean streams (Map 28 A) To the north finger-hke 
extensions project between youthful valleys of the rivers which have 
their sources upon the surface of the plateau It is typically an area 
of narrow, steep-sided valleys and narrow, flat-topped interfluves 

The population is concentrated whore the youthful valleys most 
closely approach one another on the outer fringe of the plateau 
(Map 28 B) The dissemination of houses is less than in the com¬ 
mune of I^toure, and the population is almost exclusively confined 
to the ndge tops Jbach interfluve bears a loosely arranged agglomera^ 
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tion which, m some instances, stretches along the ndge for a distance 
of two kiloinetern or more (PI LKXXV, Fig 2) Iherc are relatively 
few isolated dwellings 

Population agglormrahona 

The presence of many agglomerations is the most conspicuous 
feature of the population distribution Regardless of size, the groups 
of buildings convey the impression of fitting the setting almost as 
though they wen port of it They are dominantly of limestone m the 
west and of sun-dried brick m the oast In many instances a layer 
of stucco, made from local clays, covers these materials The color 
18 invariably the yellow-brown of weathered ferrous rock Roofs of 
reddish tile throughout, except m the southwest, where Pyrenean 
slate 18 available mar by, are also discolored by weathering A mass¬ 
ing of such buildings, whether large or small, results m the same kind 
of expression on the surface of the land The conspicuousncss ie, 
howcv er, more a function of site than of form of these agglomerations 

There are three characteristic sites on which these population 
groupings occur One type of site is the gently sloping side of a mam 
valley at the edge of the present flood plain (Map 20 A) The second 
type is the hilltop (Map 29 B) The third type is the crest of the 
steep valley side, where the interfluve is youthful m character 
(Map 29 C) 

The valley sites are occupied in the area of mature valleys and 
more particularly where the interfluves are mature os well The 
towns on these sites center on the mtersection of two highways, 
one extends along the valley and the other crosses the valley and the 
1 literstream spaces on either side This type of site is not occupied m 
the southern zone of youthfully dissected surface or for some distance 
northward into the central zone of mature valleys and youthful inter- 

flUVGS 

The hilltop site is most commonly occupied in the northern and 
eastern maturely dissected portion of the Pays du Gers (PI LXXXIV, 
Fig 2) 1 here the agglomeration usually centers about either an old 

church or a chateau, and consists mainly of closely packed houses, 
some of which are contiguous to the church or the ch4teau itself 
Ihe aspect of a walled town is created 

The site on the crest of the steep valley side in the areas where the 
interfluves still retain some of their youthful character is utilized in 
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TYPES or AGGLOMERATION SITES 




Map 39 Explanation of aymboU 1, area covered by ajcglomerattona, % 
Rtreame, 3, road*, 4, railroad, 6, fiat valley floor, 6, valley aides, 7, ndge 
tops 


the southern and central surface xonea (PI LXXXIV, Fig 3) Near 
the northern extremity of the zone of mature valleys and youthful 
interfluves, where the interfluve edges become more fretted by the ero¬ 
sive action of an increased number of tributary streams, agglomera¬ 
tions are at the ends of the projections of these interfluves toward the 
mam valleys In the south some agglomerations occupy the whole 
width of the narrow mteretream spaces 
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In the choice of the laat two types of site protection seems to have 
l>een the guiding pnnciple •• All the older towns and villages have 
sites of one or the other of these two types With the advent of 
comparative stability of government and freedom from invasion,*® 
valley sites came to be occupied The increaae m completeness of 
articulation with the rest of France made positions along the mam 
routes more desirable 

With increased population in the valley towns many of them 
have spread out over the present flood plains of the nvers, but in all 
such instances artificial control of nver waters is practiced either by 
the construction of diversion channels upstream from the town or by 
building deeper, walled channels along the stream courses within the 
agglomerations (PI LXXXII, Fig 2) Many of the groupings on the 
hilltops or on the crest of the valley sides, where these towns are 
situated near the major streams, have, with the increased importance 
of road and rail connections, spread from their original sites down 
the valley sides (PI LXXXV, Fig 1) They have even grown across 
the flood plain m their attempts to overcome the handicaps of the 
positions imposed upon them by the necessities of another age 

The remainder of the population is distributed about the towns 
and Villages m a manner dependent upon the pattern of circulation 
forms These, in turn, reflect closely the surface configuration Con¬ 
sequently the spread of population is quite evenly radial about the 
towns and villages in the jnonc of maturely dissected surface Where 
youthful surface forms alone are present, the population spread has 
been confined to the ndge tops The central sone is transitional in 
terms of population distnbution, as it is in terms of surface configura* 
tion However, there is no sharp break between the patterns in the 
vanous parts of the whole area 

aacuLATioK 

In the arrangement of all the forms of circulation the relationship 
to surface configuration is rocognisaWe,. though it is more clearly 
demonstrated m some parts of the region than in others In the 
south limitations ore imposed by the boldness of the relief In the 
north relief is less hampering to free development, though the limi- 

** Lauraot, Qustave, "Armagnac ei pays do Oers/* Uw d4 Octeofntt &3d 
year, New Senes, 12 389 1912 
/btd, p 800 
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tations are not sufficiently relaxed to allow the divorcement of the 
pattern of circulation forms from that of surface configuration 

Hoads 

Two classts of roads may be recognized on the basis of con- 
spicuousness in the landscape The hard-surfaced roads, whether 
they are “Routes Nationalcs” or “Routes Di^partomontalos/' are 
most frequently traveled They are characteristically about five 
meters m width Along both sides and set back about two meters 
from the edges there are usually lines of trees (PI L\\\IV, I^ig 1) 
These draw attention to the roads perhaps even more than do the 
streams of traffic which flow along them Such highways arc the main 
or the major routes of communication In contrast to them are the 
minor roads which are unsurfaced Great variety in width and up¬ 
keep make them undesirable except as Inbutanes to the mam high¬ 
ways They vary from mere cart tracks or sinuous thin bands of 
unsotlded surface to expanses of sand, clay, or giavcl five or six 
meters wide Usually they arc not obst rv able from any considerable 
distance and, though they may alter the landscajie pattern in del ail, 
their function in this respect is completely overshadowed b> that of 
the major roads 

In general, the highways diverge radially from a focus on the 
plateau of Lannemezan (Map 30) One road crosses the plateau 
from the premontano valley of I he Neste on the to that of the 
Arros on the west At nght angles to it two highways stictch north¬ 
ward in a subparallel plan along the finger-like plateau extensions 
About fifteen kilometers from the plateau they descend the left 
valley sides to the level of the present flood plains One follows the 
valley of the Petite Raise River to its junction with the Grande Raise, 
along which the road continues its northward course The other 
follows the Gen* River They extend along diverging courses m the 
same position relative to the valley floors as far as the latitude of 
Aucb North of this there are frequent shifts from one valley aide 
to the other, depending uixm the position of the streams in Iheir 
flood plains One road joins the Rordeaux-Toulouse highway m 
the Garonne Valley at Agen, the other, at Porte Ste Mane 

Until the latitude of Auch is reached main east-west roads arc 
infrequent but, m addition to the two mentioned above, many roads 
diverge northward They follow ndge tops (PI LXXXVI, Fig 1) or 
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Map 30 The PAys du Gera and furroundini area Baaed on Carte de France A1 200,000 
— 1027 6dition Explanation of lymboli 1, main nven, 2, atandard<«auge rallroade, 
8, narrow gauge railroads, 4, main roads, 5, towns with more than 2,000 Inhabitants 
6, head of navigation on the Balse River, 7, limit of the Pays du Qers 
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the edges of the valley floors Frequently nmcis from tnbxitaries unite 
with those in the mam valleys This upsets the regularity of the 
radial pattern 

North of Auch, where the relief is less marked and the slopes are 
Jess abrupt, each large agglomeration of population is the center of a 
secondary radial pat tern w hich masks the basic one Ridges are more 
frequently chosen for roads in this section than are the valleys, 
though all types of surfaces are utilised with considerable ease 
(PI LXXXII, Fig 1) 

ihe base from which the present pattern developed is found m 
a pre-Roman route which connected Aquitam with Aragon across 
the central Pyrenees This route left the Pyrenoi^ near the iipex of 
the fan, crossed the plateau of Lannomezan, and followed northward 
along the water parting of the Adour and the paronne drainage 
basins Such a route avoided the bridging of streams and the sur¬ 
mounting of steep slopes A portion of it is followed by the piesent 
road just to the northwest of the Pays du Gers 

More significant m the present pattern are the Roman roads 
Only four of these have been defimtely traced One of them con¬ 
nected Agen on the north with St Bertrand de Commingos on the 
south ^ This IS essentially the route followed by the present road in 
the \alley of the Oers from Agen to Masseube To the south of that 
place it found its way m zigsag fashion across the intervening \ alleys 
to its destination Another highway connected Toulouse and Agen 
by way of J^toure ** The third connected Toulouse and Uax ** 
The present road from Toulouse to Auch and on to the northwest 
follows nearly exactly the trace of this old Roman thoroughfare 
The fourth was of a later date than the others It connected St Ber¬ 
trand de Comminges and Dax, crossing the plateau of Lannemezan 
near the northern limit of its undissected surface ^ 

The choice of the particular trajectory which the present road 
follows across the plateau of Lannemesan is primarily the function of 
the rood which preceded it and of the position of agglomerations of 

Pe Caeteran, Paul, ^'La tjande de Boc,” Ret de CommnQest 13 246 1868 
^ Lauranf, Gustave, " Armagnao ct pays du Gers ** Rev de Chueogne, 54th 
year, New Series, 13 48-64 1913 
« /bid 

« See Ittniravre d*Anton%n In Desiardm, Ernest, QRigraphte hieicnque el 
udmtntelntRve de la OatUe ronmne (Hachttte, Paris, 1885), Vol IV 
» Pabre. *‘Les Landes / p 260 
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population on the portion of the plateau surface that extends north¬ 
ward It IS not a function of surface differences So it is likewise 
with tht coarse of the road from the south across the plateau Minor 
roads are all straight, excfpt those that bend slightly to the south 
to avoid the headwater ravinc^i of the streams which have their 
ongui on the upland surface 

In the zone of asymmetrical valleys and flat-topped interfluves the 
mam roads, with one exception,extend along the grain of the country 
The one exception Is the road which forms a senucirclo from 1 arbes 
on the west of the region to St Oaudons on the east Between this 
road and the plateau the two routes previously mentioned as the 
skeleton of the whole pattern are the only mam-travelcd thorough¬ 
fares To the north of it nearly every valley and a few of the inter¬ 
fluves are served by well-traveled highways I’hey extend as far 
northward as the next mom east-west road, which is the one that 
wimls its sinuous course from Toulouse through Auch In this zone 
the ruggedness of the land surface is not great enough to prevent the 
constnictiou of roads in almost any direction, but ease of communi¬ 
cation on a north-south line has emphasized the importance of routes 
so oriented The minor roads are for the greater part connecting 
links between the north-south highways, though occasionally they 
parallel the major ones 

To the north of Auch the undulating character of the surface is 
shown by the fact that the roads are no longer confined to the valleys 
or to the ndge tops Nearly direct routes between the larger popu¬ 
lation agglomerations are followed The roads are not laid out along 
straight lines, with no conformity to surface At the same time they 
are much less closely controlled by it than they are to the south of 
Auch In many instances the hamlets and villages are not located 
on the mam highways, but are connected to them by short spurs 
In a few places this indicates a local difficulty of surface, but more 
frequently it is a reflection of the character of the agglomeration 
itself Many of them are older than the road system and conse¬ 
quently are too compact to allow the unimpeded movement of the 
traffic that passes over the main highways The minor roads form 
a very complete connectmg network between the main roads They 
extend over all types of surface and link the whole population t-o the 
larger centers 

Auch, which IB located on the border between the zone of roads 
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closely controlled by surface features and the zone in which (here is 
little control by surface, forma the cinter of an ootopus-lik( pattern 
of mam highways (Map 30) At Auch the north-south and the 
east-west Roman roads crossed, and, though the town does not owe 
its ongm to that fact,^* the road intersection has undoubtt dly been 
an important factor in the development of that town as a center 
toward which the whole region is focused Three mam highways 
have been added to the original ones from Auch One of these 
branches from the highway leading westward crosses the upland to 
the northwest and descends a tributary valley to the Baise, wlitro it 
joins a mam north-south highway The second of these additional 
roads branches to the southwest, follows up a tributary uilley for 
about five kilometers, and makes its rather tortuous way aenjss h\c 
interfluves to the plain of the Adour The third supplementary road 
extends directly southeast from the city across valley and interfluve 
alike to Dimbez in the valley of the Save All these additions an 
relatively recent m construction and are dominantly political m 
importance Auch is the pr6fecture of the Departnunt of Oera 
Condom, Mirande, and Lombez are sous-prifeciures The (hree roads 
link these latter towns with Auch and make it a focus for the whole 
region 

The basic pattern of highways is radial from the plateau of 
Lannemezan and, m its southerly portion, is limited m its digression 
from that form by the surface configuration To the north thi 
supenmposition of other radial patterns, the most important of which 
is that about Auch, indicates a very weak control by surface Purely 
cultural forces have subtracted from the effective natural focus 
position of the plateau of Lannemezan and have substitut/od the 
town of Auch m its place Ihus there is close integration wilhm the 
region as well as direct articulation with the road systems of all sur¬ 
rounding regions, with the exception of the Landas 

Railroads 

The railroad pattern is far less complex than that of the roads, 
though the r61e which the railroads play In emphasizing the focal 
position of Auch is great Not only is this function well performed, 

^ Guilbert, op ett, ll 210 Auch was pstabliBhed previous to the Homan 
oocupance of this region 
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but the railroads link Auch and> through it, the whole region to the 
densely peopled urban centers of France 

Main railroad hnes extend in four directions from Auch as a 
center (Map 30) At the present time ** a fifth main line is being 
constructed southward from Auch along the valley of the Gets It 
has been under construction for a long time, and the original intention 
was to continue it across the plateau of Lannemezan to the valley of 
the upper Neste A southward extension was to follow along the old 
trans-^renean route In event of the completion of this project it is 
suggested that the focus would shift and that the plateau, as repre¬ 
sented by the town of Lannemezan, from which a spur line extends 
southward a short distance at presc nt, would become the nucleus of 
the occupance of the region,** as it is of the setting 

Narrow-gauge railroads extend toward the center of the Pays du 
Gers from the north, east, and west They serve the sections which 
are most remote from the main lines that cross the country, but they 
are not mtegrated with the essential pattern of railroads within the 
Pays du Gers 

Waterways 

There is one otlier connecting link with the outside world, though 
It is of little importance aa a bond within the area The Baise has been 
canalized as far as Condom (PI LXXXII, Fig 2), which is a center 
of the armagnac *’ trade Small barges ply between Condom and 
Bordeau along the Baise River, the Canal lateral de la Garonne, and 
the Gironde estuary This route is an outlet for a special commodity 
and 18 rarely used for any other purpose than the shipping of that 
commodity 

THE USE OF THE LAND 

Close integration with the setting is shown in the forms of circu¬ 
lation throughout the Pays du Gers The pattern of circulation 
forms IS the framework upon which the population is distnbuted 

The summer of 1030 
De Casteran, op ctl, pp 346-247 

** Armagnac is the name given to brandy which ia distilled from the white 
wines of Bas Armagnac, Tenarcse, and Haut Armagnac. ronareze and Baa 
Armagnac are pays lying outside the Pays du Gers and to the west of Haut 
Armagnac, as the northwestern part of the Pays du Gen is called See De 
Caasagnao, Paul, Les Vtiu ds Prancs (Hacbeite, Paris, 1037), pp 103-103 See 
also Sband, P Morton, A Booh gf French Wines (Knopf, Lo^on, 1038), p 338 
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These relationships suggest a regional unity The nature of the 
population furthers the idea of unity within the region as well as of 
contrast with suiroimding portions of the Aquitain Basin It is the 
use of the land, however, which binds the elements of the setting, of 
population, and of circulation into a whole which is the landscape 
of the Central Pyrenean Piedmont of France 

The agrtcuUure of the Paye du Gere 

Within the Pays du Gers there is variation of detail, yet the basic 
combination of rural forms is the same throughout Most of the land 
IS cleared or has always existed without forest cover, and a large share 
of this IS m crops The portion which us not so used is taken up for 
the greater part as pasture land Very little may be truly classed as 
waste Sixty-two per eent“ of the land is arable, eleven per cent 
18 natural grassland, eight per cent Is heath, moor, or brush land, 
seven per cent is wood-covered, and six per cent is in pasture or 
meadow The remaining six per cent of the area is occupied by 
buildings, roads, and waste land 

Somewhat more than half the arable land is croppcfl The dom¬ 
inant crop is wheat, and it is found more or less evenly distributed 
throughout It occupies about twenty-seven per cent of the arable 
land Its closest competitor, areally, is the vine, which extends over 
thirteen per cent of the arable area Two other gram crops are im¬ 
portant, oats on seven per cent of the land and maise on four per cent 
The remainder is used for such items as garden crops, fruit, and, oc¬ 
casionally, rye Each year a considerable amount of land is allowed to 
he fallow or is used as rotation pasture 

In the animal industries cattle production for beef is distinctly 
the most important and is approached only by hog and poultry 
ra^ising In the amoimt of land used the animal industries as a 
whole are important throughout, for it is only m terms of an inte¬ 
grated system of crop raising and animal production that the rural 
occupance of the area is expressed 

Though wheat is the major crop almost throughout, the secondary 
crops vary in importance m the different parts of the Pays du Gers 
(Map 31, A-D) The vme is distinctly more important along the 
northern fringe and in the Balse lowland than elsewhere Maize is of 

** All the statUtiea mentioned m this section of the paper are from (Sfaftseigue 
agrtodk oiknueUe, i9S0 (Impr Natlonale, Paris, 1932) 
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!^ap 31 Distnbutlon of cropa in southwestern France A, wheat, B, oats, C, maise, 
D, vine One dot equals 250 hectares Dashed hue indicates limit of the Pays du 
Gers 
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greater importance m the southwestern part and al<jng the Garonne 
Valley fnngcs than it is throughout most of the rest of the region 
This does not hold true locally, however Oats are dearly the domi¬ 
nant secondary crop in the (astern half of the region The particular 
use of the land in any one year may show an increase in any one of the 
secondary crops at the expense of the others m any portion of the 
Pays du Gers, but the average of conditions is that stated above 

Tlio same kind of variation is to be noted in the distribution of 
the animals (Map 32, A-D) Cattlo are plentiful over all the land, 
but there arc fewer as the plateau of Lannemezan is approached On 
the other hand, the numbers of sheep and hogs increasi in that di¬ 
rection Sheep are nut very numerous except in that portion nearest 
the Landes and on the plateau of Lanneme/an, whereas hogs are 
present m the greatest numbers in the southirn one third of the 
region 

The variations of the crop and animal combinations in quantity, 
though not m quality of types represented, reflei t the (haraettrs of 
the surrounding regions The Pays du Gers iw an area of blending of 
the specialized forms of agricultural and pastoral pursuits found 
throughout the whole of the Aqmtam Bovsm 

Lnnd~use paUerns 

The patterns of land use fuse the differences within the Pays du 
Gers into a whole wluch emphasizes the setting and the distribution 
of people through it To the north the waves of hilly land present t he 
aspect of a huge park stretching as far as ca,n be seen (PI LXXXII, 
Fig 1) The surface is dotted with vullages and hamlet-s and gives 
the appearance of being much more wooded than is actually the fact 
Intermingled with the trees and clusteresd about the dwellings and 
along the roads the fields form a checkerboard with varying color 
indicating the crop, pasture, and woodland mosaic (Map 33, A B) 
The fields are rectangular, and many are outlined by hedgerows from 
which the poplars stand up as thin spires Ihe major streams are 
definitely traced by the lines of willows, alders, and poplars along 
their banks The roads, too, stand out because of the trees which 
mark their courses Most notable over this whole scene is the con- 
oentration of pasture (PI LXXXVI, Fig 2) and hay land in the 
valley bottoms (PI LXXXIII, t'ig 3) and the occurrence of cropped 
land on the hillsides 1 hough the checkerboard arrangement persists 
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Map 32 Distnbtition of aaitnalB In southweetern Fmnoe A, cattle, B, bogs, C, 
aheep, P, horses. One dot equals 230 head Dashed line indicates limit of the 
Pays du Gers 
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over valley and hiil alike, there is little regulanty in orientation In 
some placed the fields bear a close relationship to the population ag¬ 
glomerations In others they are onente<l with respect to the roads 
Yet, over all, the exact demarcation of field lines is the dominant 
impression 

Greater conformity to the pattern of surface features is to be 
noted farther to the south (Map 34, A-*B) With increasing asym- 
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Map 33 A small area near the northeastern limit of the Pays du Ors Fxpla- 
nation of symlxils 1, garden, 2, vineyard, 3, matte, 4, wheat, 6, oats, 
6, land from which hay in out, 7, clover, 8, brush, 9, pasture, 10, woods, 
11, roads, 12, houses and bams, 13, streams, 14, valley sides, 13, ridge 
(ope 


motry of the valleys in that direction there is an increased amount of 
land unsuited for crops or e\ en for pasture For this reason more of 
the land ia wooded or covered with brush (PI liXXXVI, Fig 3) 
The valley bottoms retain their function as pasture land or meadow, 
but the crop land is very definitely arranged in conformity with the 
surfaces of gentle slope The western valley sides and the fiat-topped 
interfi.uv« remnants are the sites of most of the cultivated land 
There results a stnphke pattern onented m a roughly north south 
direction m which cultivated land is nearly paralleled by pasture and 
meadow, and that In turn by woodland and brush land 
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Beyond the zone in which the valleys are flat-floored the same 
type of arrangement is found, except that less of the valley bottom is 
used for pasture and none of Ihe valley sides are used for cropping 
other than of the garden type A few fields nestle m the tree-covered 
V alleys, but these are either pasture or hay lot (PI LXXXIII, Fig 1) 
Crop cultivation is limited to the finger-hke projections of the dis¬ 
sected edge of the plateau of I-»annemezan 
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Map 34 A small area on one of the northward projectiona of the directed edge 
of thti plateau of Lannemeaan Explanation of symbols 1, garden, 2, 
tnalae, 3, land from which hay is out, 4, potatoes, 5, brush, 6, pasture, 
7, wo<^, 8, bouses and bams, 9, roads, 10, canal, Jl, streams, 12, flat 
valley floors, 13, valley sides, 14, ridge top 


rbo surface of the plateau is cultivated only along its northern 
edge or around the few population agglomerations which exist upon 
it The surface is not divided into fields, and little breaks the 
monotony of the continuous stretch of scrubby vegetation except 
here and there some small forest remnant (PI LXXXIII, Fig 2) 
Sheep grazing is unrestricted in its extent upon this land, but no 
fenc^ pasture exists 

The general pattern of land use in the Pays du Gers reflects very 
completely the surface configuration In detail, however, this is often 
only indirectly so The field patterns ore locally oriented with respect 
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to the roads and, through them, to conditions of surface In sections 
where the presence of a population group sccras to be more immedi¬ 
ately the effective ageni of arrangement, that very fact links the 
pattern to that of surface eitlur directly or through the clement of the 
road pattern The earliest settlemtnts of the Pays du (lers were 
relatively isolated communitus and, for a kmg period of time, they 
havt been of a self-suffitient typo In many places they havt opjHJsed 
the advance in means f>f wiminunication which would remove the 
nect^ssity of that self-sufficiency The early groupings of such com¬ 
munities for protection brought about a pattern of land use which 
still persists in a fragmeubiry way 

Grouped about the church or chfiteau, the houses capped the top 
of a prominent hill set in the midst of the fore8t-co\ ered land Clear¬ 
ings in the wider valUy bottoms may have b oken the extent of 
forest Gradually the land around the settlement was cleared and 
the fields for immediati necc^ssitics were laid out As the clearing of 
the land spread down tht slopts to join with the natural grasslands of 
the valleys, more and more land was opened to cultivation hiclds 
were larger since there was a greater amount of land for each individ¬ 
ual as the circle of cleared land spread In tlie landscape of the 
present the concentnc pattern, in which increasing size of field ac¬ 
companies increasing distance from the settlement, is found to be 
present residualiy in the maturely dissected portion of the Pays du 
Gers (PI LXXXIV, lig 2) Associated with this pattern there is 
usually a specific zoning of crops hneirchng the buildings are the 
sinaile^st fields, which are used as gardens or vineyards Around them 
in the larger fields are the gram crops And, farthest removed, are 
the lands given over to pasture Ihis is not invariably the arrange¬ 
ment, for frequently the fields close to the hamlet or village are used 
for pasture Ariiund the larger agglomerations this pattern, if it 
existed originally, has \>een considerably modified or destroyed by 
the gradual extension of the built-up area With the increase m im¬ 
portance of roads and with the decrease in sdf-sufficiency of small 
parts of the Pays du Gers, a new group of determimng factors has 
arisen 

Where the road has become more significant than the population 
agglomeration and where settlement has spread along the roads 
either as small agglomerations or as isolated houses, the road itself 
is the axis of the pattern Small fields line the highway on both 
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Bides Back from the roads the siae of the fields usually increases 
Crops are grown m those nearest the w>ads while those farthest re¬ 
moved are in pasture 

The year tn the Pays du Gera 

Though the clear-cut decline of activity within the severe winter 
lands or within the lands of seasonal drought is lacking in the Pays 
du Gers, there is a veiy definite rhythm of intensity of life through 
the year There are certain periods m which each kind of activity is 
at its height and other penods when it is practically dormant The 
climatic position of the region m responsible for this rhythm, and it 
18 to varying climatic factors within the region that most of the 
modification of this rhythm is related 

In the vicinity of Auch January and February are the months 
of least activity The temperatures of this period of the year are 
sufficiently low to make undesirable the working of the land, but 
they are not low enough to force the removal of the ammals from 
pasture This condition leaves little that can be done about the farm 
other than the repair of implements The lack of work results in an 
increased interest in the fairs and markets of the towns and villages 
The Gersois peasant dearly loves a gathering of any sort," and he 
makes the best of this opportumty The roads are the living parts of 
the landscape It seems as though every person in the land is on bis 
way to or from town 

With the coming of March there is a change This is the begin¬ 
ning of the season of heaviest rains, and preparations are made to 
prevent damage to property The Increased precipitation causes a 
nse m river levels which is continued through April and May Floods 
may cover all the lower land of the valleys and may endanger the 
lues of the animals if they are left in the customary pastures They 
are brought to the farm and, if no neighboring land is statable fur 
pasture, they are fed and closely oared for Then, too, the land is 
plowed before the heavier rains fall Otherwise, the fields, particu¬ 
larly those on clayey soil, are quaggy and impossible to plow The 
towns are forgotten From the first noticeable nse of temperature m 
March the preparation of the land for crops is the sole end in view for 
the larger part of the population. In late Apnl or early May oats are 
planted and shortly thereafter, miUse is sown, and attention is given 
** Casiot, itp cUtP 331 
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to vineyards Wheat, planted the winter before, bnngs a green color 
to the whole land 

Continued farm activity accompanies the marked beginning of 
summer in late June There is no further need of keeping the animals 
close to the farm for feeding They are turned loose in pastures which 
have been refreshed by the short penod of little use The crops are 
well started by the tune the rain begins to decrease in amount With 
the coming of the dry, hot penod of July and August the har\estft 
begin The wheat has ripened and it is cut and threshed Through¬ 
out the region the constant coughing of the gasoline engines of wheat- 
threshing machines is to be heard Some of the farmers st ill use the 
old method of dnving the oxen round and round on i hardened earth 
threshing floor and then winnowing the gram m the hot blasts of the 
v€tU d'autort,** winch Is at its strongest at this tuio of >ear 

The wheat harvest lasts but a relatively short time Ihere is 
a hiatus in the farm work and, with almost clockhke precision, the 
towns take on the exaggerated importance of the January-February 
season The land with its npcmng crops is slighted It is almost 
devoid of human beings 

Late August and September witness another reversal In rapid 
succession come the grape, oat, maize, and fruit harvests Everyone 
is pressed into service The country hums and the villages and towns 
are silent 

Immediately the harvests are done the land is prepared and sown 
in wheat The vineyards are looked after, pruned and sprayed, and 
wine IS made When November comes and the pressing fann work 
IB done, there begins the manufacture of the one specialty of the 
region The wine is distilled and made into armagnac With the 
completion of this work the year is rounded out, and there comes 
again the season of increased social life for the whole area 

In all directions from the vicimty of Auch this rhythm of life is 
varied to a minor degree The variance Is primanly a recognizable 
function the setting, although it is in part caused by differences in 
the distribution of population To the south and west there is a 
greater amount of ramfali which results in the changed emphasis of 

M Tb« mUt itautan tat McKllterrancan in origin See de Martonne, E, 
‘‘Note prdliminaire sur le vent d’autan,” Bull Soc langwdoctenne (U gdog, 
so 100^14 1007, and tdfm, '^Contribution K I'^ude du vent d’autan (deuxil^me 
aote)/'t6kf, 32 186-167 1909 
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utilization of the land Likewise toward the south the winters are 
more He\erc and the summers arc hotter and dner The winter is 
sufftt lently soveri to nt cehsitate the ration fetihng of animals 1 his one 
it(m, coupled with a diffcrfnt distribution of population, decreases 
the importance of town gathc rings m the winter life of the inhabitants 
They are more completely tied to the farm The climatic differences 
also make impossible the cultivation of some of the same crops The 
increase m the amount of rainfall is particularly injurious to wheat 
while the lowered temperature of winter makes the vine a less satis¬ 
factory crop Neverthekss, there is discernible the same type of 
rhythm of life as that near Auch Ihc movement of sheep to pasture 
on the plateau of Lannemezan during the summer months, though of 
greater magnitude, is essentially the same as the movement of cattle 
to new pisturage during summer in the center of the Pays du Oers 

C ONCLUfilON 

The rural scene is the only irnixirtant one and, though it vanes 
from part to part of the region, it is only the result of necessity of de¬ 
tailed adjustment that bnngs about any difference Ihe same kind 
of people live in the same way in all sections That way is distinct 
from those of adjoining areas The way of living in the Pays du Gers 
IS not like (he agricultural life of the Garonne lowland, m which fruit 
cultivation is of pnmary imixirtancc It ih not like the corn-hog-vine 
economy of the Adour drainage basin to the west, nor is it like the 
I^andes whtre pastoral life predominates Likewise the pastoral 
life of the Pyrenean slopes contrasts sharply with it W ithin the Pays 
du Gers all these vanous tconomies are blended to form a rural 
occupance of the type which lays equal stress upon agnculture and 
the ammal industries Spociahzation m commercial production is 
secondary to sustenance farming 

Thus it w that a small portion of (he cartlPs surface with an asso¬ 
ciated group of natural phenomena stands out as distinct from the 
surrounding lands And upon this small area the items of human 
occupance are arranged in such a way as to emphasize its individu¬ 
ality The natural phenomena focus on the small remnant of the 
plateau of Lannemezan The occupance phenomena focus upon 
Auch The two have been inseparably welded through time to form 
the present phase of ever-changing landscape of the Central Pyrenean 
Piedmont of France 
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NOTES ON THE ASSEMBLY OF AIRPLANE 
PHOTOGRAPHIC MOSAICS 

HAROrD UNDFRHILT 

T HK World War brought about the demand for and tht uutial dt- 
velopment of photography from airplanes for pui poses of military 
strategy and mapping I rom that period to the prt sent dxlc \ aiious 
mterested civdian groups organized for profit have sought to apply 
to our civd needs the knowledge gained by their war (xpirunot 
Greatly improved tameras, the new extremely sensitive films, and 
better airplam s make possible the excellent an photography of today 
The outstanding application of airplane photography to oui tivil 
needs w that of mapping 

When base data, such as lakes, streams, roads, cultuated lands, 
cities, and villages, are desired m th< most mmuti ditail, the air 
photograph is superior to ordinary maps Laiger anas than can 
be photographed upon a singk print arc rnappi d by assembling into 
a unit the overlapping photographs covering the desired ana Such 
a composite photograph is calltd a mosaic 

Here in Michigan we have found it convenient, through co¬ 
operation with the United States Geological Suivey, to secure the 
services of trained United States Army pilots and photographers 
for the purpose of photographing from the air many of our hitherto 
unmapped counties This woik is being done in connection with our 
regular state program of top<igraphic mapping 

Smee our first county was jihotographt d from the air m 1929 it 
has been the good fortune of the writer to b<. in charge of the filing 
of these photographs for the Geological Survey Division About 
lebruary, 1931, the Forest hire Division, seeing the value of this 
new type of map as an aid m fighting forest fares, began the assembly 
of township mosaics, which now number 304 and picture approxi¬ 
mately ten thousand square mil* s of terntory 

During the past thne years the methods used m the isscmbly 
of our mosaics have developed step by step, until a standard and 
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an efficient routine haa been attamcd Future work along this hne 
will yield new nmtfrial for discussion Howe\er, it is the purpose 
of the writer to record for the benefit of the novice our present 
proctduro that he may profit by our experience Conventional 
methods of mosaic assembly could not be used, for two reasons 
first, lack of control, since our photographs covered unmapped areas, 
second, the prohibitiv e cost of scale changes by ratio pnntmg, since 
by agreement the Unittd States Army retains for a Stated period 
the negatives from which our prints are made 

Our standard air photograph is a contact print madt with a 
negative from a singlc-Iens camera that uses a roll film 10 inches 
wide and 75 feet long A contact print measures about 7 by 9 inchi^ 
and IS usually printed upon glossy smgle-weight paper Some 
cameras are so equipp( d that a small number panel is photographed 
along the center of one side of each photograph In the top of the 
center of this small panel is leproduced a rotary altimeter dial that 
recoids tlu altitude of the ship at the instant of exposure Below 
the altimcttr is iht number of the photograph, shown on a small 
dial similar to the mileage dial of an automobile speedometer To the 
right of this center group there are a circular bubble, to indicate 
the tilt of the camera, if any, and the face of a small clock giving 
the tune of exposure On the left side is a blank m which may be 
written for reproduction the date of flight and the name of the 
location of the job flown 

Few prints in our files, however, exhibit easily readable informa¬ 
tion in this number panel The majority of them have been blacked 
out and the negatives numbered with mk m the laboratory after 
trial sets of prints have been laid out This insures pnnts of a broken- 
flight strip getting consecutive numbers whether or not the entire 
strip was photographed on a single flight Adjacent photographs 
overlap each other considerably, some contracts call for as much 
as 60 per cent side overlap and 50 per cent end overlap This is 
necessary because the outer margins of a photograph are not on the 
same scale as the center portion, which was immediately below the 
camera at the time of exposure Variations from normal m the posi¬ 
tion of tilt ship and the camera at the moment of exposure cause 
scab distortions m the photograph which may be so bad as to render 
it worthless This typo of wing-tilt off-scale print is diflicult to detect 
In photographs of wilderness country, but when it occurs in those of 
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farming regions with wf'Il-blockod-out road sjsUms th( oppositt 
sides of a section will be shorttntd or elongated along th* axis of tilt 
Commonly the most troublesome type of off-scah photograph 
is caused by variation m altitudi of the ship Wtathtr changes 
often afftet the barometric altimiter during a flight, or a change 
of ground elevation under the plane may be the disturbing factor 
Either may cause a perfectly flown ship to pioduci off-siale photo¬ 
graphs 

Tlio happiest results, so far as photograph mosaic usw inbly is 
conctrned, are obtained when tht ana to be flown is so small that it 
can lx photographed on a single hop A cartful chi ck of baroini tnc 
pressure before each flight is the rule on large jobs and should product 
uniformity of scale from day to day Howe\er, the novice must be 
tolerant with the pilot and the photographer, who, when aloft, an 
two of the busiest men above earth, and should remember that as 
a matter of fact pirft ct scale photographs are generally sal* s talk 
tully equipjxd laboratories have ratio printing inachuns by 
means of which both the altitude and thi wing-lilt vanities of off- 
scale photographs may be corrected Such a machine is essentially 
a vertical enlargement prmU r whosi copy board may be tilted out of 
the horizontal plane to corn ct any tilt errors prcsi nt in the negative 
Prmts made m contact with the negative are always more brilliant 
m appearance and show finer detail than prints made in such a 
restitutional pnnter or other enlargement camera 

There would seem to bo every reason to invent and perfect an 
improved altitude meter that would give the pilot actual altitude 
above ground instead of altitude above sea level 

The altitude at which a pilot must fly to produce photographs of 
a given scale is easily arrived at Given the focal length of the came ra 
lens in inches and the desired ground distance to be represented by 
one inch on the photograph, a simple ratio provides the altitude 
For example, if one has to determine the altitude necessary for a 
12-lnch focal length lens to produce photographs on a scale of 1 inch 

. , t 1 1 inch 12 inches 

to 1000 feet on the ground, Agam, on a 

scale of 1 Inch to 400 fi'et on the ground, If one uses an 8-mch U ns 
1 inch 8 inches 


400 feet 3,200 feet 
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A flight across a given area produces a senes of overlapping 
photographs calh d a stiip Adjacent strips overlap and arc gt nf rally 
flown m opposiU diuctions, with the pilot usually making a nearly 
vertical bank at the end of the flight and reversing Ins dmction for 
the r( turn trip while the photographf r snaps one or more shots with 
the camera shuttt i closed to indicate the end of a strip on the roll him 

In the lulxiratory, aftfr the hrst set of pnnts has bc<n laid out 
roughly to determine wh< Lher any gaps or “missouts” exist, a flight 
map or key map is prepared for the convtnience of the eustonur, 
who receives it with his copies of the photographs Ihis flight map 
usually shows the beginning and the end of tach separate flight by 
means of two rectangles inclosing the exact areas on the map covered 
by the hrst and last photographs of the flight Each rectangle is 
givin the numlKT of the photograph it represents The locations of 
intcrmi diate photogniplis are gt nerally omitted Howev er, the course 
of flight IS sometimes shown by a lino If this map is too large for 
coiivtiiKiit hhng it may be reduced m photostatic copies, on which 
adjacent strips are shadi d with contrasting colored crayons and large 
numbtis an inkid m for visibility Photographs may be located 
accurately and quickly from flight maps colored and nnurabired 
in this manner 

A brief d( scription of other and more important items of equip¬ 
ment used in the assimbly of our air-photograph mosaics will bo 
found in the Appi ndix to this paper 

The scale of the mosaic is probably the first consideration to come 
up after it has been decided to make an afinal photographic survey 
of an area Ihc use to which the map is to be put will govern the 
size of objects upon the photograph “Scale'* is the ratio of unit 
distance on the photograph to unit distance on the ground, i e if one 
foot of photograph portrays 12,000 feet of ground, the scale is 
npnsentfd by the fraction jaJxjo More commonly the scale w ex¬ 
press! d by a statement of the relation of one mch of photograph to 
the actual ground distance it represente, such as 800 or 1,000 feet 
to the inch It is also i xpressed in inches per mile The following 
are diffennt ways of expnssmg the scale of a single air photograph 
(all mean the same) umoi 1,000 feet to the inch, 5 28 inches 
to the mile This scale is standard in our photographs, namely, 
is'ooo One couniy was flown on a scale, and it has been laid 
up in township mosaics, but the results do not compare with other 
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areas mappfd on the former scale, eithir foi \isihlc chtul oi for 
general appearance 

If the area to be mapped is large, the si7t of the imluidual 
mosaics is governed by the scale of the ])nnts ind the uailibic 
sizes of mount At 1,000 fe^et to the inch, our mosau of i standard 
township, SIX miks each way, intiusures about lb by 40 trithe s o\ e r all 
This size 18 amply large for corivenie nt handling and filing \\ e found 
the 24-mch mosaic from our one small-sealc countv a jiUas ml vaiia- 
tion from the larger standard size Sec Plate JA\X\1I for thm 
scale comparLson 

The air photographs of a county 1e) lx assembled aic put into 
plainly marked envelopes by flight strijis and airange d m their o\e i- 
lappmg order across the county Ihey are then deimsited in a file 
for safe storage Envelopes containing photeigraidis of the temnship 
to be assembleel are first removed from the file and arranged in a low 
on the back tabk m their projier order the preipcr staitmg point 
IS, of course, that place at which the locitioii eif the flint few jirmts 
is established without doubt Generally one side of the township is 
bounded by a well-known and mapped feature, cultural or natural, 
such as road, lake, stre am, or timber-cutting line In the abse ncc 
of such information wc must use the Genera! Land Office plats for 
township-oorncr locations 

After the selection of the starting point the first print is fastened 
to the assembly board by four staples, without tnmming, m a loca¬ 
tion that allows ample room fe>r the complete asse mbly of the town¬ 
ship The mosaic is developed most naturally by strips across the 
board from the starting point The direction of the se strips may be 
vertical, heinzontal, or diagonal, depending upon the diieetuin m 
which the area was flown whe n photographed 

Assuming that the first print was laid m the uppt r It ft-hand 
(5orner of the beiard and also that the flights were matle m an e ast- 
west direction, the first strip is laid from left to right across the top 
of the township The second strip starts immediately bdow, over¬ 
lapping upon the first print laid, and progresses from left to right, 
overlapping and matching the first strip In this manner the entire 
townalup IS developed, provided, of course, that the scale of succeed¬ 
ing strips is constant Differences of the scale m two prints of ad- 
iaoont stripe may be too small to be noticed when regarded as 
individuals However, small errors accumulate in the width of a 
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township until the total is decidedly too great Usable mosaics 
ha\c been laid withm which adjacent strips have differed m length 
by as much as one and one-half inches Huch an error is uncommon, 
however, and the assembler is rar<Iy called upon to deal with errors 
totaling more than one inch across a township All the resourceful¬ 
ness of the workman is demanded when adjusting and fitting off- 
scale pnnts 

Sometimes, owing to off-scale photographs, it may seem impos¬ 
sible to complete the assembly of an area by the simple strlp-after- 
strip method just described In this case the quickest way out will 
probably bo to remove the prints from the board by strips and stack 
them in orderly piles upon the back table Starting out anew, the 
operator staples two or three prints m the first strip, as before Next, 
he places the first one or two pnnts of the second strip and then the 
first one of the third strip This method builds two adjacent sides 
of a township simultaneously, controlling the included comer angle 
by Its triangular or fan-shaped development 

Another system of dry assembly which is more difficult to handle 
18 the radial development which begins at the center of the board 
and grows from this point m all directions This system is favored 
by some, but it is not so simple and, then^fore, is less desirable than 
the strip or the corner method, and has been used in but one township 
mosaic assembly 

It IS advisable to show only the center portion of any print 
liecause the edges are always more or less distorted and out of scale 
Removal of the overlapping edges of successive prints entails trim¬ 
ming, prolmbly the most important factor m a good assembly In 
general, from the standpoint of minimum distortion, one half of 
any overlap should lx removed Any deviation from this ono-half *’ 
rule makes \ isible the undesirable distorted edge of the top or bottom 
photograph m question It is seldom, however, that this rule may 
be applied literally, since the nature of the country shown on the 
photographs actually makes the overlap desirable or undesirable 
Wooded country with few trails, streams, and such features is best 
tom by a wavy line, whereas cuts through cultivated fields are better 
straight A straigVit cut across a print is more noticeable than a 
senes of straight cuts connected by occasional offsets (for instance, 
cultivated land with offset sideways through a wood lot) 

The road system of a mosaic is a most prominent feature, and cuts 
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should bo made well back of farm buildmgs if they are to r( c( ivc the 
tuiniiQum of attention Joints too close to roads or down their 
center may shrink upon drying and cause a double road Ihis 
cannot occur if roads paralleling a cut are trimmed off Iht 
overlaps 

Advantage must be taken of every feature on tlie photograph that 
will help conceal a cut Wherever possible one should avoid joints 
through small lakes or other featuns such as wit marshes The 
reflections of light from water surfaces cause a surpiising changi m 
the shade of lakes upon adjactni photographs In fact, a lakt is 
apt to be white in on< and black ui the next llu darkt r wat<r 
areas are the b<8t oma to show, since white water is often confused 
with sand or marl by the novic< Light rtfltctions from waU i ofti n 
work to our advantage in disclosing the cours of small streams 
otherwise hidden by forest canopy 

Because land valuta are high in cities and because of difficulty 
in matching prints over such an area, thtse photographs art left 
intact when possible blncc errors of asstmbly occur at the joints, 
any valuable land, such as village, golf course, lake front, road front, 
or subdivision propertus, is better left uncut if possible 

When there is need to cut a piint, it is laid upon the trimming 
board, and the exact path of the proposed tear is cut lightly through 
the emulsion with an even pressure of the jienknife point Ihe uu- 
desired part of the photograph is so placed as to ovtrhang tht edge 
of the trimming board The tear w accomplished by pnssing the 
scrap downward and forward away from the opirator When this 
18 properly done the U'ar will start m the photograph and follow tht 
knife out across it as tht hand grasping the scrap piece niovt s away 
from the operator After the tear, the scrap should display a white 
fringe of bovek d paper from one eighth to ont fourth of an inch widt 
along the full length of the tear If this evidt ncc of proper feathu 
edge upon the photograph is lacking at any point the desired result 
must be obtained by inverting the pliotograph and bev eling with the 
penknife where necessary A spiral shaving of paper indicates pro¬ 
ficiency here Scraping with a razor blade or finishing with fine 
sandpaper is recommended by some to insure a more nearly perfect 
feather edge In practice, however, the average torn edge, beveled, 
if necessary, with the knife along the edge of the trimming board, is 
Sitfiiciently thm to give good camera copies 
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Ihr pair of small holes causid by fasti nmg with paper-stitcher 
staples should bt rnadi, if possible, uiidi r an overlapping photograph 
ihey are not so big, howtvtr, that they will be notieiabli from a 
short distance, should it bi neu ssary to make tlum where thiy will 
occur upon the finished mosaic A staple in each of three hidden 
corners is the rule m fastening a print upon the dry assembly board 
If insufficiently stapled, thi photographs may curl badly overnight, 
or slip out of position 

A careful check of the finishtd dry assembly is essential to detect 
errors in alignment of straight railroads, highways, power lines, and 
other features, and poor matching of prints It is sometimes neces¬ 
sary to pull photographs of a short strip apart somewhat The check 
of the final dry assembly should bring out any too noticeable cases 
of “twins” from this source “ rwin” is a laboratory term for an 
object such as an isolated tree or farm building that, owing to separa¬ 
tion of prints at a joint, is allovied to appear m duplicate As a 
rule, judicious trimming will remedy a too obvious case of twinning 

If the township is shown to be of regular dimensions upon the 
best available maps of the area, the mosaic will probably be square 
whf n completed C orrect tilting of the film m the camera at the time 
of copying often produces a square copy from an off-size or distorted 
original If this hint is understood at the time of assembly, much 
detail may be preserveni m the longer strips that would ordmarily 
be telescoped in an attempt to square up the original The expene nee 
of our field men who map soils and cover directly upon mosaic copieii 
has been that it is better to sacrifice the scale of a mosaic, if necessary 
m order that no country be lost by compression of a large-scale 
strip “ Twins” are evident, but lost areas are not self-explanatory 
to the mosaic reader 

Dry assemblies an often torn apart and reassembled several 
tinits before the best jxissible arrangement is found This branch 
of the work is by far the most important step m the makmg of a 
mosaic, and it should not be hurried All but the smallest scraps of 
photographs used are carefully put away for possible future use 

Afti r completing the dry assembly the big question is whethi r or 
not we shall Ik* able to reassemble the prints with mucilage, pre¬ 
serving ihiHr original arrangement Our present transfer system has 
worked 100 per cent efficiently since its adoption l"he first method 
we used for this transfer of photograph location consisted in tracing 
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the roads, lakes, and prominent features visibh through tracing paper 
and transferring these base data to the mount by meanH of carbon 
paper Tlu photographs i»ert then immnted ovtr this network 
Howevtr, though this method served, wt wire forced to hnd some¬ 
thing liettfr whin the country changtd from farm linds with wtU- 
developed road systtins to wilderness, few ftatuns of which were 
visible through tht tracing paper 

rhe needl( bar, as described later, was dt \i lop( d and now, instead 
of pencil work upon thi tracing, which is strtlohtd over the com¬ 
pleted dry asstmbly, th< twin needle points art jiushtd through the 
tracing and each individual photograph in tht lussombly Ihe pair 
of holes so made art easily relocated by a pencil line rult d along tlu 
bar at each optratitm The township and the outtr limits of tlu 
mosaic, which are as gt nerous as the photograplis allow, art tiuilmed 
with soft ptnieil upon the tracing after each pht)tt)graph has been 
pierced with the needle bar pointa Tht btst wav to lemovt the 
tracing is to cut it off tht board with the ])(nkmfe, sctirmg the photo¬ 
graphs for later trimming This produces a Cf>/n t tlv shajitd traoiiig 
which may be laid upon a shet t of artificial wood thrt t si^tttilths of 
an inch thick as a template to determine the si7e anti tlu shape 
of the mount About three incht s additional height is allowt d for 
a title panel across the top 

rhe process of transfer is usually mttrrufdtd it this point long 
enough to cut with a handsaw the coritti puce of mount and to 
apply upon each side, by means of mucilage, a cover shet t of Kraft 
wrapping paper, an oiieration disousstd under “wot assembly” 
The freshly covered mount is set aside to dry while the underiap 
of the photographs is trimmed off To hasUn drying it may be 
stood with an edge presented to Ihe blast of an flectnc fan 

The underlap is that portion of a photogiaph hidden by on over¬ 
lapping print Early experience showed that loose edges freqiuntly 
resulted from the weak bond between the glossy (mulsion on the 
underiap and the print cimented to it Conti action due to drying 
causes edge loostiuss where the underiap is excessivi Ihis loosemss 
is prevented by discarding all but about one half of an inch of the 
underiap, thus providing each print with a maximum art a of contact 
with the Kiaft paptr-ooverid mount undermath The looseness 
just mentioned must not be confused with edge curling due to un¬ 
equal drying at the time of assembly 
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When one begins the dismantling of the dry assembly, about one- 
half inch of the tip of a chma-marking crayon is inserted underneath 
the feathered edge of the last print in the final atrip and a black line 
18 traced around it upon the photographs below This operation is 
repeated with each print m the last stnp before any are removed 
for tnmmmg The marks so made insure that a safe margm of un¬ 
derlap will bo left m all cases The photographs thus marked are 
removed and the excess areas are trimmed off along the black crayon 
lines just traced upon them Care is taken in tearing off waste por¬ 
tions to produce a good feather edge, since a square edge here will 
be noticeable through the overlap as an abrupt bump uixin the sur¬ 
face and IS very apt to cause a hght reflection, seriously aff( ctuig 
the value of the copy mosaic Boundary pruits are also trimmed 
at this time along the knife marks made when the tracing was cut 
from the board As the prints are trimmed they are laid face up in 
an orderly pile upon the back t^ble 

When the paper-covered mount is dry the tracing is fasU ned upon 
It with a few small pieces of ** Scotch tape,” a rubber base adhesive 
tape made of heavy erSpe paper and used by draftsmen m place of 
thumb tacks to secure drawings to the board 

The needle bar or bars used before are again pressed through the 
tracing in the idt ntical holes made by the first operation The mount 
IS dense and care must be taken not to break off a needle point As 
each location is transferred it should be marked with a pencil check 
When it IS certain that no photograph position has been neglected 
the traemg is removed and discarded 

At the starting point the first photograph is relocated m its proper 
position by means of the needle bar, and its outline is traced ui>on 
the mount with a soft leAd pencil 1 he remaining prints m the order 
of their sequence are relocated with the needle bar, and those edges 
that do not overlap any preceding print are outlined upon the mount 
When all the photograplis have been outUned the wet assembly may 
be started 

The oovei mg of paper on both sides of the wall board, described 
for use on mount m the Appendix, is necessary to control warping, 
whfich would occur if only one side of the board were covered The 
front surface is covered to make the pm holes from the transfer 
operation visible, as well as to cover up the oily surface of at least 
one brand of board used, thereby improving the glue bond 
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board and prints Tho back paper is always added afterward to 
balance tho shrmkaKe stresses and to pro\ont waiping of tho mount 
Tho transfer tracing was used as a Umplate to obtain the correct 
»i»e of the board to be used as a mount This board now servts as 
a path rn for tlireo pieces of paper, which are cut to a size approxi¬ 
mately three fourths of an inch less each way than the board itself 
This undtr-siz(*<l paper will equal the sire of the mount whtn wet 
One sheet is rolled up and saved for hacking the bfiard after the 
assembly has be<m made The other twt) an wetted thoroughly on 
both sides and mucilage is spread evenly on the papti rather than 
upon tho bwiard itadf The inclusions of air under the paiior are 
removed by lifting the corners and smoothing with a cloth progres¬ 
sively from th< ctnter to the coiners of the large shwt AfUr th< 
paper is smoothed on both sides of the board the edges are bound 
with gummed paper tape one and one-half inches wide and the board 
IS St t up on edge so that both surfaces may dry < venly 

The wet method of applying prints to the mount entails the 
soaking or floating of them, together with a certain amount of trim¬ 
ming at assembly of undesired portions and constant manipulation 
of the whole mass while wet, to arrive at a desired assembly The 
excess glue is removed by wiping and cleaning with a dump sponge 
after the mosaic has dried It is obvious that during such a wet 
assembly tho prints will be fully expanded with moisture, and this is 
one of the things our present semiwet system avoids 

The number one print of the dry assembly is also the first print 
to be glued into its place upon the mount The front and back sides 
of the first print are sponged in rapid succession ujxm a linoleum or 
other suitable surface It is then laid face down upon a pad of paper 
towels, where thmmd mucilage is applied with a brush evenly over the 
back surface It is next quickly placed face up in its proper position 
on the mount and smoothed from the center toward its t dges m all 
directions with a damp sponge to force out all entrappt d air bubbles 
and IS then dried in like manner with a soft dry cloth Its correct 
location IS shown by its penciled outline upon tho mount, and any 
neoftssary adjustments must be made without delay becausi the 
mucilage acts as a lubricant only while wet and its moisture is quickly 
absorb^ into the Kraft paptr Ixneath All freshly laid odgis are 
carofufly pressed and dried with the cloth-cov ered finger tips before 
passing on to succeeding operations A photograph applied as de- 
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scribed above adherts strongly to the mount in about two or three 
mmut( s 

The second print h w( tted on both suits ami plactd upon a clean 
paper tow( 1 for appluatuin of tht mucilagt Tlu paptr towels arc 
discarded afUr Ixing used onc< to prtvtnt th( front surface of the 
pimt from becoming excessively sticky In smoothing out and dry¬ 
ing this and succfSMve prints in thtir places care must be taken not 
to rub against an edge with the sponge or wiping cloth buch a 
inov ement would surelj displace the fine f< ather e'dge and probably 
split it so as to cause sepvration of the emulsion from the paper 
No harm results if the wiping action is with and not against the over¬ 
lap It IS impoitant that the fdges of newly laid prints, especially 
the overlapping edges, should bo preasesi out firmly to expel the 
excess mucilage, thus permitting the edges to adhere before the 
evaporntiejn of moisture from the emulsion side causes edge curl 
1 ho commercial ainbic mueilage used is hea\y ind viscous snel should 
be thinned with about eeiual parta of water to facilitate the edgi- 
squeezing ojieiation, thereby guarding against unwelcomi ulge curl 
A roll curtain was first used to retard edge evaporation This pro- 
vent(d the trouble, but its usi mltrfered with the asstinblv work 
and the thinning of the mucilage, which proved adequate, was 
adopted m its stead In this way the entire assembly is completed, 
with a place for each print and with each print as near as may be in 
it« place Expansion sometinus forces the prints off their outhms, 
but the {xncile d control is still useful in keeping the assembly uniform, 
if large, and the re^sult is goexi 

A strip of Kraft paper m glued across the top of the assembly 
and the title is leicated and mounted m the center of this panel 
The mosaic is the a turned ovc r and a second back pape r, saved from 
the previous mount-covering ojK^ration, is applied to the back We 
now have two shoe ts of paper on the back balancing one sheet and a 
mosaic of photographs on the front This symmetrical treatment 
will insure that the finished board will remain flat 

Gummed paper tape is again used to bind the edges of the mount, 
care being taken this fim<‘ to display a uniform width of tape around 
the front bord< rs of the mosaic The length of the one-milo dia¬ 
grammatic scale oil the mosaic title is one sixth of the measurement 
between the top township comers, if the township is found to be of 
regular sise on the General Land Office plat Although the original 
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T arui OfHct plat may d( plot i towuhhip as t s<iuart, tin same town¬ 
ship as built up in mosaic form is ofU ii fai fiom s<|uaK Ihis is duo 
to variation m scab of tin pholoi^taphs and ih illowtd btcausi 
oxp( nonet hts (auj^ht us to show as m iily 100 ptr ct nt of the iroa 
as possibb and tht n to tiy m tht proctss of photogiiphic copying 
to corr((t the shapt ttf tht mosaic 

In the tit It tht n sht>uld appt ar along with tht scab such lit ms os 
noith point, township, county, statt, namt of agt ncy which took 
the photographs, and tht ytar tla pKluits wtit taktn (sec PI 
LXXWII) 

If water suifacts occurring m an area ha\t muiorcd the suns 
rays into the camera bns, the water bejdy will appear dead white, 
while normally the diiik unde r-water vege tation anti muddy bottoms 
will give such bodies of w it< r in almost black color The artist’s 
air brush (sec PI LWWTl), filled with black water cobjr, is used 
upon these light wate r aieas until all lake s and large stre ains are of a 
uniform gray or black ceilor hxecss color around the margins of a 
lake may bt^ wii>o<l up with a little cotton on a small woode n applicator 
(hc*c pi LXXX\ II) Shoals and submerged sand beaches arc not 
covered with coloi if then presence is known After water surfaces 
have been retouched the > may be sprayed with a transparent fixative 
or lacquer to prevent accidental scratching of the delicate water 
color film, this preKcdure, howevai, is not practiced at present 

Water features are next labeled with white mk, which is used 
for names of lakes, laige rivers, and bays All land features are m 
black ink Mountains, points, islands, and cultural features such as 
towns are included m this group, is well as section numbers and 
county boundary name s 

Ihe assembly man signs each mosaic in the lower right-hand 
corner and writes upem n small piece of note paper any special in¬ 
structions that will aid the photographer m making a good reduced 
copy of the mosaic 1 his note is atiached to the mosaic by means of 
‘'Scotch tape ” The scab appearing in the titk is always to measure 
two inches on the copy, and, unless there is a staUmtnt to the 
contrary, the township should appiar squaie and regular upon the 
reduced copy 

Our regular scmimatte finished paptr is the most popular and ls 
usually cloth-backed and provided with a hinge on the left-hand 
edge (see PI LXXXVII) Glossy and dead-matU papers are also 
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furnished The glossy paper gives maximum brilliance of detail and 
the dead matte permits pencil work upon the print This last iinish 
IS used by field parties in mapping soils and cov er with colored pencils 
and mk directly upon the copy mosaics 

When the original mosaic and prints are returned fiom the 
photographer the copies aie filed in a loose-leaf binder and the 
originals placed vertically in a special file by counties U) facilitate easy 
remov al of individual mosaics for reference 

APPENDIX 

Ihe following notes on the equipment used by the Geological 
Survey of Michigan arc added for the benefit of persons interest! d 
m the making of airplane photograph mosaics 

AnstmUy hoard — The assembly board rtsts at an angle upon a 
vertically adjustable wall rack or easel The wall rack is hung from 
a strong metal picture groove m the wall by two light-weight wmdow- 
sash cords These are threaded around grooved shives on a pair of 
overhanging arms, thence they are wound upon a hght-weight crank 
shaft near the bottom of the rack This shaft is locked by a sliding 
bolt (see PI LXXXVIII,Fig 1) 

The overhanging arms civuse the top of the wall rack to press 
firmly against the wail at all times To accommodate different loads 
the length of these overhanging arms is made adjustable by means of 
a series of holes through any one of which a removable pm fixes the 
position of the outer shive A 4-inch shelf along the base of the 
assembly board provides a convenient place upon which to lay small 
tools between operations 

The variable height of this wall rack is a boon to the assembly 
man who would, without some such device, spend many tiresome 
hours each day reaching over the edge of a flat-topped table Such 
a working posture is poor because air photographs may not be ac¬ 
curately matched and fitted unless the workman's line of sight is 
normal to the working surface This reason alone justifies the use 
of some form of wall rack, tUUng drawing table, or easel 

A pair of letter files standing side by side make an acceptable 
substitute easel, upon the slightly opened lower drawers of which 
the assembly board is rested 

The assembly boards shown (see Pis LXXXVIIl-LXXXIX) 
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measure about 42 by 46 inches They are amply large to accom¬ 
modate our standard township assembly of 36 square, miles on a 
scale of 1,000 feet to the inch They are ordinary 8f)ft insulating 
wall board of a brown color, from which the tmy wire staples use d in 
the dry assembly may be easily withdrawn with th( finger nail, an 
important detail 

Since the accompanymg photographs were taken a new tyj>c 
of nonsuepended wall rack has been designed It consists of an 
assembly-board carnage that runs upon a portable wall frame Tht 
wall frame is mode of ono-inch pine, four fett wide by bc\en and 
one-half fett high Its top comers press against the wall through 
two felt-covered adjustable bearing blocks, and any ttndency to 
tip away from the wall is checkid by means of two jirojccting ftet 
securt ly bolted to the broad bottom ends of the \ ertual side members 
The assembly-board carnage is equippt d with «mall flangt d wheels, 
which run upon the exposed edges of the two veitical sidt members 
of the wall framt These members are narrow at the top and widt 
at the bottom, thus forming an inclined track which, through gravity, 
operates to keep the carnage seated securely at all times The hand 
crank, which is installt*d upon the wall frame, docs not travel with 
the carnage, and because the flanged wheels are mounted at the 
extreme corners of the carnage the stability thus gamed permits 
the use of the staple-dn\ mg machine upon the outer edge of the dry 
assembly board Because the carriage rests squan ly uiwn the rigid 
wall frame it needs but one supporting rope attached on its center 
line, the rails keep it square at all times 

There is a full-length tray 6 inches widt supported by metal 
arms in a position between the operator and the movable carriage 
and on the same level as the back table Thus the tray does not 
move with the assembly board In short, the new imits are portable, 
the hand cranks and working trays do not travel with the assembly 
board, which is held square by its flanged wheels between the side 
rails, and it is much easier to operate 

Table — Wo use a special back table resembling a flat-topped 
desk, it is 38 inches high and provided with a drawer and some open 
shelves on one side and a special pocket for safe storage of original 
General Land Office maps so essential m the assembly of wild-land 
photographs This table has a brown linoleum top and is ideal for 
wet jobe such as this 



430 


Harold Underhill 


Moot —Tht «(c)ol IS adjustable for height and the seat rotates 
like that of a swivtl chair By pivoting upon this stool it is often 
possible to pci form related operations between back table and as¬ 
sembly l)oard 

Stapler Ihc '<tuf)lei is a device similar to the common paper 
stitchers found iii many offices ff>r fastening two eir meire papers 
together with a clinched wire staple Ihe small wire staple is not 
clinched, but is driven straight into and flush with the surface of 
the photographs on the assembly board Staples may be removed 
fiom the recommended insulating board with the finger nail or from 
a pine drawing board by me ans of a pennUni and bent lifter furnished 
with each machine (see PI LXXXVIII, tig 2) 

Trimming h<>ard —Two 8-mch squares of thin wall board (de¬ 
scribed under “mount m this Appendix), with the rough side of 
the board beveled off to have a clean shaip edge all around, are 
glued with smoeith sidt^ outward to opposib i nds of a 4-mch wooden 
spacer block (sec Pis TAXXVIH, Figs 1 2, LXXXIX, Fig 1) 
The 4-inch height of thi spacer block is specific d to prev^ent assembly- 
man's knuckles from striking the table top when a print is torn along 
the < dge of the trimming board 

Kntfe A small penknife with a sharp point w necessary for 
scribing and beveling prints A few pieces of OOO-sizc sandpaper will 
keep it sharp C rocus cloth {lolishea the c dge quickly It is essential 
that the knife be sharp at all times 

Siraighledges One long steel straightedge w required for align¬ 
ment of straight roods and similar features, and a short one of wood, 
or a large triangle of celluloid, or both, are handy for short projec¬ 
tions and comparisons 

Scaien —A 5-foot narrow steel tape, in a round metal case 
smaller than a man's pocket watch, which reels itself up at the press 
of a center button, is recommended for accurate measurements (see 
PI LXXXVIII, Fig 1) An engineer's triangular celluloid-edged 
scale, 12 inches long, is nc cessary for laying out the average mile m 
the title block under "scale " 

Needle bar —The term "needle bar" is applied to a brass bar 
of an inch square and from 1} to 5 inches long, having a pau* of 
needle points inserted into drilled holes at either end and fixed with 
solder A kettle knob, brass nng, or straight piece of self matenal 
may be fastencHl to the center of the bar on the top side for use as a 
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handle Tht pomte should not protrude more than ^ of an inch 
The longer bars produce most accurate results, but short bars are 
necessary for occasional small bits of photographs m an assembly 
(see PI LXXXVIII, Fig 2) 

Mmni —Ihe mount is a thin hard wall board A of an inch 
thick, of golden brown color It comes in all standard Ungths up 
to 12 ftet and is 4 feet wide The finished surface is Mry hard and 
smooth, the reverse side bears the imprint of a fine wire screen 
It weighs about one pound per square foot A smaller size of the 
same kind of board, | of an inch thick, is lighter but has rigid Since 
there is danger of the prints becoming loose through the flexing of 
the mount, this size is not recommended for mosaics larger than 2 
feet square Ihe thicker board is successfully used for mounts as 
much as 4 feet square 

larger mosaics must be laid upon thicker boards obtainable in 
6-foot widths Loosely bonded boards designed primarily for in¬ 
sulating valui are not suitable At least one surfact should be fairly 
smooth 

Mualage — Good glue or mucilage is important A quick- 
setting library paste is unsuitable, for each photograph must be 
adjusted after it is apphed It must be soluble m water, since some¬ 
times the assembly must be reworked Any mucilage contaimng 
water causes photographs to expand The ideal bonding medium, 
therefore, would cause a minimum of expansion Rubber cement 
deteriorates in time and iiermits edges to curl A heavy commercial 
mucilage mode of gum arabic seems to work as well as anything we 
have tried (see PI LXXXIX, Fig 2) Various formulas call for 
from one to two or more pounds of gum arabic to one gallon of water 
The mucilage we are using successfully is hea\ ler m body than that 
made in either of the proportions of gum and water just mentioned 
In addition, it has a pleasant odor and does not become rancid with 
age and hot weather A foul-smelUng mucilage is a nuisance around 
any office 

Qlue pot —From the original container, which may be a one- 
gallon jug or a one-quart bottle, our mucilage is transferred in >imall 
quantities to a specially constructed square metal dish Heavy 
gauge copper u recommended for the material, since our first dishes 
made of galvanized steel have begun to rust within a year The dish, 
about inches deep by 4 mohes square, is provided, near the front 
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edge, with a crossbar o\cr which the brush is wiped or upon which 
It may bo rested (see PI LXKXIX, Fig 2) 

Brush — A 2-mch varnish brush is used to spread the mucilage 
evenly and thinly Such a brush (ste PI LXXXIX, Fig 2), with 
the bristles vulcanized in rubber, costs about 25 cents 

Paper loweh — Thi darnpi ned photographs arc laid face down 
upon pajier hand towds during th( o{k ration of applymg the adhe¬ 
sive In actual m t assembly work about one third of the mucilage 
used is discarded with the spent towels Uptni first thought this 
may seem an unnecessary waste However, if the face of the photo¬ 
graph is not kept free from adhesiv e in the first place, the same waste 
mucilage must be sponged off the mosaic surface later, a messy 
operation which can be avoided through the use of paper towels 
(sec PI LXXXIX, l^ig 2) 

Bponges — Good sponges are absolutely essential to good work 
uix»n air-photograph mosaics Only the best quality of small-sized 
wool sponges should be considered, and before being used they should 
be thoroughly washed out to remove bits of sea shell and gnt Ihe 
emulsion on a photograph is very tender when wet and a soft wet 
sponge cannot be excelled for sponging and cleaning 

Bamn — An 8-mch aluminum basin with flat bottom will hold 
sufficient wat( r for sponging purposes 

Wiping cloths — Mention should be made also of the soft cotton 
wiping cloths so useful for rough-drying the wet surfaces of photo¬ 
graphs and as jicn wipers After use they are stiff with mucilage 
and should be thoroughly laundered from time to tune The ad¬ 
hesive recommended is easily nnsod out in hot water Discarded 
sugar bags are excelknt 

Lettering guides — Ownership of or access to a set of mechanical 
lettering guides and pens is very desirable for the finishing of a 
mosaic The ordinary draftsman’s instruments also will be useful 
from tune to time, especially the bow pen and the ruUng pen 

Air brush — Compressed carbon dioxide gas is used to operate 
the artist’s air brush (shown m PI LXXXVII) employed for touching 
up water areas 

Crayon — A chma-marking crayon m black makes legible marks 
upon glossy prints that may be wiped off completely with a dry soft 
cloth without injury to the photograph 

MtsceUanems — Other items of equipment might mclude suitable 
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cn\elopo8 for sorting and filing photographs by stiips, a quantity of 
mamla Kiaft \\rapping papir foi use as a mount eo\tr, gummtd 
papei tap( IJ inchos wnk, ituJ quantities of ikar c* Iluloid for grids 
from time to tmu tht ingenuity of the assembly man will produce 
HiHCial items of (quipmenl, such as celluloid timplates foi loeutmg 
the section numlais 

Iht items {)f ttpupment discussed abo\e are impoitant (mod 
tools are imi)ortant on any job, and the difft re nci be twee n good and 
poor nsulls m any work olten usts in the tools employed lathtr 
than m the ability of the workman At all events, a workman using 
good equipment cannot blame his tools for poor lesults 

DhaKTMKNT i>I- CoNhKKVAnON 
i ANM!N(J Mkhiqan 
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ABANDONED (mNNELS OF THE LOWER 
HURON RIVER, MICHIGAN 


JAMES WnilAM HAY 
IN TRODPCTION 

T he Huron River is one of the major drainage lines contnbutmg 
to the flow of the Great Lakes system botwwn the head of the 
St CJair River and the southwestern end of Lake Fne Its entire 
valley m Washtenaw, Wayne, and Monroe counties^ has resulted 
from mouthward extension of th< nver over land prev lously oecupied 
by the Ruron-Ene lobe of Late Wisconsin glaciation and the sub¬ 
sequent glacial lakes of the Lake Huron and Lake Fne basins 
Between the lowest of these glacial-lake shore lines (that of Lake 
Rlkton) and the present drowned shore of I^ake Erie there is a net¬ 
work of distnbutary channels which the river has abandoned This 
la the Lower Lake Plain section of the nver Its channels tell the 
story of the descent of lake waters m this area from the Elkton level 
to that of Lake Ene 

The features of the Lower Lake Plain section of the Huron River 
valley are shown on Map 35, together with the distnbutary channels 
of the Detroit River which connected Lake Rouge and Lake Ene * 
In order to prevent confusion in their description the Huron River 
distnbutanea are numbered Channels 13, 16“18, and 20-23 are 
shown on the maps of the “Detroit Folio,'’ * but arc there undiffer¬ 
entiated fmm the present valley floor The others have not previ¬ 
ously been mapped 

TOPOOBAPHY OF THE (HANNELS 

The Huron River distnbutancs cover an area about ten miles in 
length And four miles in maximum width For the most part they 

1 The diatanoe from Haao I me I^ake at the bivmgaton-Waahteuaw county 
line to Lake Erie la fifty-six valley mile# 

* For the description and inter])reiation of the Detroit River diatributanes 
mm F Leverett and F B Taylor The Pleteioeene of Indiana and Miehtgan amt 
the Hteiory oftheOreai LoJkni, U S Oeol Surv , Afon 53 487-496 1915 

• Sheruer W H , Detroit Folio,” GeM A the of the Untied Statee, No 205 
1916 Maps of Areal Geology of Romulus and Wyandotte Quadrangles 
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art fiat-bottomeci channels measunng from forty or fifty ftct to a 
quarter of a mile across and from fi\e to ten feet in dtpth Tht 
majority of them are dry Some are occupied by streams, mostly of 
the mtennittent type, too small to ha\e cut the broad depressions in 
which they now flow The Silver Creek channel is a single exception, 
but the headwater portion la dry and shows channel characteristics 
80 distinctly that it must bo ngarded as having tht same origin as 
the others Ele\ation8 on the flat floors of these features range 
between f)7«5 and 612 fe^et above sea Jtvel, with those channels 
farthest from the cenUr of the system at the highest levels Many 
of the lower channels have cut across the heads of the higher ones, so 
that there is a definite ascent from one to the other ihe present 
river occupies a course which nearly bisects the whole system 
longitudinally 

Channel 1 is occupied for most of its length by Sdvir Creek 
At its headward end it appears to have drawn water from Channel 7 
and east of the present site of Rockwood, from several of Ihe De¬ 
troit River distributaries Near the headwater portion it has cut 
deeply into a high sand ndge The extreme bead stands higher than 
Channel 7 

On the fw)uth side of the nver Channels 2 6 constitute a group 
which earned a large portion of the water and whlcli apjiearB to 
have been abamloned relatively early (^bannels 7-11 on the north 
side of the nver seem to have had a smular history Channel 2 is 
about 612 feet in elevation one and one-half miles south of its head 
and 686 feet at its mouth It is the largest of the channels Channel 3 
served as a connect ion betw een number 2 and those to the north The 
elevations in Channels 6 and 6 range from 604 to 606 feet above sea 
level, m Channels 7-9, from 601 to 603 feet These w ere tw o parallel 
lines f>f flow with a possible connection by way of Channels 6 and 8 
The present riv er flows along the southern of these two lines and has 
cut into it, leaving the upper end of Channel 5 as a terrace on the 
south side of the valley Channela 11 and 12 earned water from 7 
and 17 Near their junction with Channel 1 they were connected 
with the Detroit River distnbutancs west of Rockwood 

In the vicinity of Hat Rock a group of distnbutanes which were 
cut lower than those just described indicates that in the later part 
of the development the nver waters had been concentrated in a 
group of channela toward the center of the system This is also 
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Channeh of the Lower Horon River 

true near Rock\\ood and South Rockwood The Flat Rock group 
consiatB of Channels 13 17, and possibly 12, nhich range from about 
586 to 593 feet above sea level The second group is composed of 
(^hannels 18, 20, and 21, at about 579 to >80 feet elevation 

Channel 19, which appears to have been formed by overflow from 
C'hannel 2, did not function long enough to tut back by headward 
erosion to the latter Iherefore, it must have Iwn abandontd rela¬ 
tively early 

SUMMARY AND INTERPRYTATION 

Ihe pattern and close articulation of the Huron River distribu¬ 
tary channels indicate that the descent of water from Ihe Lake 
Klkton level to the Algonquin stage.s of Lake Lnc was extremely 
rapid, possibly more rapid than the transition between any of the 
other glacial lakes of the Lake Kne basin Instead of the gradual 
raouthward extension of a single channel, which t-ook place o\ er most 
of the area upstream, the nver waters seem to hav e divided into a 
braided system upon a newly uncovered surface of only slight relief 
At first the flow of waters was through the entire network, but as the 
cutting continued the waters concentrated in the channels nearest the 
center of the system, so that these were cut lower than the outer ones 
Channel 1 had its beginning as soon as the lake w aters had low ered 
so that cuttmg could begin on the sand ndge at its headward end 
This channel appears to have been the first to be discontinued be¬ 
cause Channel 7, which was abandoned relatively early m the senes, 
IS cut beneath it at their junction There is additional ev idence of 
this conclusion in the lower part of Channel 1 at its intersection with 
the Detroit River distributanes east of Rockwood These channels, 
which were believed to have been formed by overflow from the mam 
channel to the north and which were among the first of the Detroit 
River senes to be discontinued,< have the same level as Channel 1 
at the junctions 

Channels 2-11 seem to have been the next to be abandomxl 
They stand at higher elevations than the channels nearer the center 
of the system, and distinct breaks of slope occur between 7 and 16 
and between 4 and 14 The relation of Channel 12 to the others is 
uncertain Its head is level with Channel 17, but the connection 
with 11 IS obscured by recent erosion and a roadway 

* Leverett and Taylor, op ot, p 491 
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3 he group composed of Channels 13-18, 20, and 21 were the last 
to become dry Ihe cause of this was ptissibly one of the two low 
stages of Lake Erie dunng Lake Nipissmg and Lake Algonciuin 
times 

The pKisent valley bottom is from four to five feet below the 
lowest channel floors between Flat Rock and Rockwood Tlie valley 
IS drowned upstream as far as South Kockwood, and a small delta 
covering an area of about two square miles * has been deposited m it 

The evidence at hand indicates that the Huron River distributary 
channels were abandoned by down-cutting to a low base level 
Wliethor this was the low stage of Lake Ene during T^ake Algon¬ 
quin or Lake Nipissmg time or both is at present indeterminable 

Waynb Univbusitt 

DrraoiT, Michiqan 

* 8her>er, W H , ^'Geolofpoal Report on Wayne County,’* Afieft Qtol and 
Bud 5un>, Publ 12, Geul 8er 9, p 117 1913 



VALLEY-TRAIN DEPOSITS IN THE NORTH¬ 
ERN PENINSULA OF MICHIGAN 

&TANARD G BEKC^QUINT 

I N A recent paper dealing with the glacial geology of Iron County, 
Michigan, the writer matlo spooial reference to the widespread 
distribution of glacio-fluv lal sediments in the major valley ways 
(PI XC, Figs 1-2) of the area (see Map 36) Attention was called 
likewise to the general occurrence of very fine sJt which is spread out 
as a thin mantle over the surface of the gravd trams and is inter¬ 
spersed through the adjacent interfluvial till plains ^ 

More detailed studies, made recently, of the Pleistocene section 
exposed in numerous mine ca^es within the till-plain area in the 
vicinity of Iron River have revealed a succession of geologic events 
which are not readily recognized on the surface Four distinct epi¬ 
sodes of Pleistocene activity are recorded in the formations which 
overlie the pre-rarnbnan floor rhesc events are associated with 
various stages of glaciation, extending from pre-Wisconsin into late 
Wisconsin 

PRE-WiaOONSIN DRIFT 
Basal till sheet 

Resting directly upon the pavement of the pre-Cambnan com¬ 
plex in the vicinity of Iron River is a shoot of till which ranges from 
twenty to forty or more foot in thickness (PI XCI, Fig 1) It seems 
to be confined largely to the preglacial upland areas and is noticeably 
absent in the rock-sculptured valley floors The drift here is com¬ 
posed largely of bouldery till, definitely unassorted but somewhat 
compacted Polished and facetrcd pebbles, cobbles, and large erratics, 
consistmg m the mam of quartzite, gram to, and other acidic rocks, 
together with dark slate and an abundance of more basic types such 
as diabase and basalt, are embedded in the ground mass of distmctly 
weathered clay, silt, and earn! 

* Bergquist, S O, Glacial Geology of Iron County, Michigan,* Pap M\ch 

Acad Se%, Arts and leUers, 36$ 1932 

439 



440 Stanard G Bergqw^t 

South of tht \il]‘xgp of Iron Rncr, in the BrrkHhire rave, near 
Ciaastra, the drift is of a rust brown aiul contiiin^ a (onsidcnbU 
(luantity of couuninutid hinonite, ippiirtntl> of local origin A 
pebble count of a charutcnstu suinplt of the basal till in this ca\( 
exposure rf veals the presence of the following mrttriii 


MaUnal P^rcenUigt^ 

(Quartzite aiul quart? 2ti 

(/jamtp anil aplito 8 

I imonitp (wcttthircd) 12 

Slatti (datk-<»Iorcd) 10 

Hanalt and diaboac 44 


The lirger fragments are dominantly basalt and diabase, with 
quarlzite ind quart/ together forming a considerable portion of the 
total content Some of the larger pebbles and fragments of the basalt 
anel diabiuse show but a ^ ery small degree eif weathering 1 he smaller 
fragments, on the either hand, seem to have undergont appreciable 
dteompusition and thc> posse^ss an outer thin /one e>f west bored 
limomie The hner matrix m this till is made, up essentially of more 
or kss rounded, fnistod, and translucent partieles of epiartz These 
arc generally loatod with a fine dusting of hmonitic peiwder, which 
also i( (ounts for the coleir of the formation as a whe>le No calcareous 
fragments were observed m the sample and no reactieuis for car¬ 
bonate were obtameet, conditions which may be attnbuted to the 
greater ige and (he more profound wcathenng of the elrift in this 
section 

Ihree miles to the north, in the Davidson (No 1) mine cave, 
m the SW i, SK J, Sec 14, T 43 N , R 35 W , the exposed basil till 
IS a decidedly lighter or a cinnamon brown, an<l contains much less of 
the mtermixeel iron ore In tins section the older till resembles more 
the younger surface drift, in composition as well as m color In a 
characteristic sample of the dnfl from Hus locality there was found 
the following material 


Percmlage 


Quart7ii>e ami quartz 36 

Granite and apUte 14 

Schiat (inufih weathrrod) 3 

Dmestono and dolomite (frt*»h) 6 

Slate (dark-colored) 15 

Basalt diabase and dionte 26 



moimkal map 
iMAMci^MATIOKI 
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Valley-Train Deposits 

Although the stratigraphic relations of the basal till in the Berk¬ 
shire and Da\Klson mine caves are identical so far as bedrock and 
o\erlying gravel deposits arc concerned, still there is a substantial 
difference in composition and likewise m the degree of weathenng 
In the basal till of the Davidson cave the larger pebbles and cobbks 
are somewhat smoothly polished and some are dehmtely faceted 
They are composed essentially of quartzitic and basaltic fragments 
with a predominance of the former The smaller pebbles, those below 
the size of a small t>ea, are angular to rounded and swm to lack the 
smoothly polished surfaces which characterize the larger fragments 
The finer-textured portion of the drift is made up largely of angular 
to rounded frosted grains of quartz, with a subordinate assemblage of 
intermixed fragments of fairly fresh basalt, diabase, and dark-colored 
slate The sample contains also some unweathored limcstont and 
dolomite pebbles, together with scattered minute weathered frag¬ 
ments of the same material, and yields a lilxnl aruounl of effenes- 
cence with dilute HCl It is apparent from the calcareous character 
of the basal drift m the Davidson mine cave that ^veatherlng has not 
progressed to the same advanced degree as in (he Berkshire cave 
This may be due to one of several circurnstanci s, oi to a combination 
of them, among which may be cited (1) the rclitive age of the 
deposit in the two localities (2) (he ixjssibility of more rapid burial 
of the gravel plain in the Davidson cave area owing to a sudden 
abrupt readvance of the icc before much weathering had Ix^in ef¬ 
fected , and (3) the v anations m the source of matenal included 

On the premise that there is a decided difference in the age of the 
material of the deposit in the two areas, it may be inferred that the 
rate of retreat of the ice sheet which contributed the till was ex¬ 
tremely slow 

FARLY WISCONSIN DRIFT 
Glact(hflimal sediments 

Immediately above the basal till sheet in the upland interfluv os 
and lying more or less directly m contact with the rock floors of the 
intervening valley ways there is a formation composed essentially of 
stratified glacio-fiuvial sediment This deposit, ranging m thickness 
from fifteen to forty or more feet, is made up of alternating beds of 
gravel and sand of varying degrees of texture (PI XCI, Fig 2) 
Subangular to rounded grams of quartz comprise the bulk of the 
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constituents in the finer mat/enal, although subordinate amounts of 
basalt and slate are also intermixed The pebbles and cobbles of the 
coarser fractions are fairly well rounded, and many exhibit distinct 
tnangular faceting 

This intermediate formation of stratified drift is well exposed in 
both the Berkshire and the Davidson caves, where it rests upon the 
basal till A pebble count was made of characteristic samples of the 
deposit from each of these localities, and the comparative results are 
given in the accompanying table It will be seen from the tabula¬ 
tion that (luartsitic, gramtic, and basaltic constituents predominate in 
each of the samples It is noteworthy that the dark-colored or basic 
rock fragments appear not to have undergone a great amount of 
weathering, for they are as fresh as the light-colored constituents 


Berkthtre Cave Davideon Cave 

Maienal Percentage from Percentage from 

100 pebbles 200 pebbles 


Quartsite and quarts 27 35 

Granite and apllte 21 17 

Gnem \ 0 

Schiet (fresh) 1 1 

Schist (weatberod) 7 0 

Limestone and dolomite (fresh) 9 6 

Sandstone 2 2 

Basalt, diabase, and diorite 23 30 

Slate (dark-colored) 9 8 

Lignite 0 0 5 

Banded jasper 0 0 5 


It IS questionable whether this intermediate bed of stratified ma¬ 
terial IS associated with the ice invasion which is related to the older 
basal till or to that which developed the overlying surface sheet 
The mineral and rock fragments, however, more nearly correspond 
in composition and degree of weathering to the younger rather than 
to the older drift In all events it lies between the two till sheets and 
IS intermediate in age 

That the stratified deposit is of widespread and extensive ocouiv 
rence is recognised by its presence in vanous oaves, shafts, and drill 
holes scattered through the area It appears to form a more or less 
continuous feature bdow the surface cover throughout the greater 
portion of the till plam 
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MIDDLE WISCONSIN DKIFT 

Surface HU sheet 

In the upland areas which form the divides between the adjacent 
valley ways there is supenmpoaed upon the stratified formation a 
younger till sheet which in the exposed portions ranges from twenty 
to thirty-five feet m thickness It is undoubtedly much thicker in 
certain areas This till sheet was laid down by a tongue of ice located 
directly west of the Green Bay lobe, referred to by Weidman * as 
“the Langlade lobe It deployed across the area in a generally 
northeast-southwest direction The numerous drumlms which are 
distnbutod over the surface of the till plain in the vicinity of Iron 
River are more or less parallel in their alignment and strike m a 
direction which varies from S 5® W to S 40® W This is in accord 
with the trend of the glacial striae which are found on the rock pave¬ 
ment in various localities The drift in this plain is composed of 
bouldery clay mtermixed with a considerable amount of gravel and 
cobble, which may have been denved either by incorporation of 
matenal from the gravel plain which the glacier overrode or through 
glacio-fiuvial activity within the advancing ice sheet 

The constituents of the surface till plain are largely fragments of 
quartzitic, gram tic, and basaltic denvation Quarts predominates, 
however, in both the coarser and the finer fractions of the drift, al¬ 
though the more basic matenals are likewise Important The frag¬ 
ments of rocks and minerals, whether of basic or of acidic nature, do 
not show evidence of excessive weathenng and appear relatively fresh 
in the mixture Intercalated with the coarser till and at times at¬ 
taining a thickness of several feet in the surface depressions and 
pockets 18 a finely comminuted siltlike matenal which m composition 
and physical character bears a very close resemblance to the fine flu¬ 
vial flour which mantles the surface of the adjoimng valley-train de¬ 
posits It seems quite probable that this finer sediment was carried 
on to the till-plain area from the valleys by wind activity and is thus 
of aeohan development 

LATE WISCONSIN DKIFT 

Hie late Wisoonsm dnft of the area is associated intimately with 
the activities of the Superior lobe, whioh moved into the Lake 

* Weidnum, Samuel, "Tlie Geology of North Central WlBOonam,'' W\9 
Qed and Nal Hui 8wv , BuU IS, Ser 4, p 402 1907 
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Superior basin from tJic northeast and a(i\ancod southward across a 
small portion of the Northern Peninsula The lenninal moraine 
whiLh IS associated with the activities of this ice tongue lies directly 
tt) the north of the till plain of the Middle Wisconsin invasion, it has 
l>een desenbod in some detail in a proMous paper * 

Fxtending southwartl from the terminal moraine of the Superior 
lobe the glacial valleys arc fairly well filled with glacio-fiuvial sedi¬ 
ments These were deposited as a alley trams by melt waters issuing 
from the dissipating ice border during the waning stages of glacial 
activity The valJoy-train deposits (PI XCTI, Fig 1) are composed 
of alternating layers of coarse and fine sediment and contain a pre¬ 
dominance of smoothly polished and faceted fragments of quartz, 
quartzite, and granite, with scattered basic materials such as diabase, 
basdt, and diorite and occasional dark-colored slate The various 
gradations of texture developed in the stratified seiliments of the 
valley ways is indubitable evidence that the velocity and volume of 
the water fluctuated from time to tune dunng the process of sedi¬ 
mentation 

A section through the valley-train deposits shows stratified ma¬ 
terial to be more or loss persistent down to the floors of the valley in 
which deposition took place The basal portion of the well-sorted 
material is intercalated with boulders and large erratics, which are 
undoubtedly the concentrat^l remnants of the oldest till Occasional 
scattered erratics are found also in the higher levels of the deposit 
and may represent the concentrated residuals of the younger till 
sheet The apparent absence of finer till in the lower part of the 
valley-train deposits seems to harmomze with the view that in the 
early stages of deglaciation by the Langlade lobe protracted melting 
continued to supply an abundance of melt water os the glacier re¬ 
treated slowly northward to lay down its load of till plam The en¬ 
suing streams oocupying the partly filled depressions proceeded to 
scour out the finer portions of the basal till and left the coarser and 
heavier residuals as concentrates on the rook floors 

The closing chapter of Pleistocene activity in Iron County is 
related to the deposition of a layer of silt which forms a comparar 
tiv ely thm mantle over the surface of the gravel in the valley trains 
(PI XCII, Fig 2) This deposit of fine material was undoubtedly 
earned mto the valley ways as glacial flour by slowly moving melt 
* Bergquist, , pp 366-^7 
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wat/crs which issued forth from the margin of the last remnants of the 
waning ice in the Superior lobe It represents the product of final 
deglaciation within the area and is unquestionably associated with 
flu\ial activity The mit is not unifoim in depth througliout the 
valley trains, but ranges from merely a few inches to six or more feet 
It rests directly uism the gravel and marks definitely an abrupt 
change in the transporting ability of the streams which oeiupied the 
\ alleys 

The fine surface fluvial flour of the valley trains is composed en- 
sentially of subanguiar to rounded partules of quartz mterspersed 
with a small amount of minute fragirunts of granite, gneiss, and 
dark-colored, more oi less basic, rock The predominance of quartz 
seems to substantiate the opinion that acidic rocks rather than those 
of basic character contributed largely to the tn tU rial 1 he basic rock 
constituents which are scattered through the mixture arc not unlike 
the quartz m texture and structure Although fragmented by mc- 
chamcal wear, they still retain their original properties and show no 
more evidence of weathering than do the associated (luartz particles 

The view has been advanced by several pedologists that the 
surface mantle of silt in this area is merely the weathered product of 
underlying parent gravel and that weathenng has progressed rapidly 
to form the finer mantle because of the predominance of mcludod basic 
rock fragments Microscopic examination of the material reveals, 
however, that although quartz is the predominant mineral there is 
also a relatively large amount of unweathered basic constituents 
If the ordinary processes of weathering have been able to change 
coarse gravel composed m large measure of quartzitic and granitic 
pebbles into a fine rock flour m a region so recently dcglaciated, it 
seems logical to expect similar relationships, but on a much broader 
scale, to exist in the Southern Pomnsula, where the surface has been 
exposed to weathering agents for much longer periods The theory 
so commonly held by podologists, that surface soils should be related 
to the underlying parent material through the simple process of 
weathenng, does not seem to hold true in this area Other geological 
factors besides weathenng must necessanly be brought into the 
picture to account for the succession from very coarse to very fine 
textures as developed in the matenals of these valley trains 

Podsolization has played an important r61o m the development of 
a distinct profile in the surface silta But, unlike the vertical changes 
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ordmanly found in a podsohzod soil, there appear here to be two 
definitely bleached horizons Invariably, in the uplaml silts as well 
as m those of the valleys, the surface-bleached podsol is underlain by 
a dark brown illuvial layer with a heavy concentrate of iron oxide 
Then follows a second bleached zone, not quit« so light in color as the 
surface podsol but, nevertheless, much lighter than the overlying 
brown layer This bleached horizon is underlain by a second brown 
subsoil, which in turn may be followed by tiiher a darker or a 
lighter tone before reaching the gravel floor The lower bleached 
horizon is of geologic significance m that it probably marks the po¬ 
sition of a former surface in which weathering hmi progressed suffi¬ 
ciently to initiate a podsol condition But before the process was 
very far advanced there was a renewal of se^limentation, which may 
have resulted m a complete mantling of the older soil, with consw^uent 
termination of the bleaching activity 

In the upland interfluves of the till-plam topography the fine silt 
may be traced for some distance back from the valley ways Here 
it is thinly spread out m patches over the surface or intermixed with 
the matrermi of the till plain In areas whore the accumulations are 
of appreciable thickness they resemble very much the deposits m the 
valley ways in both mineral composition and profile 

On the basis of their honzonal and textural similarities it seems 
plausible to assume that the upland silts are genetically closely related 
to the valley silts The writer is of the opinion that the fine flour 
which occupies the surface of the till-plain area was translocateil by 
wind from the adjacent valley-tram deposits during intervals when 
only a small amount of water flowed through the valleys Then the 
finer material of the valley flats situated above the channels had an 
opportunity to become thoroughly desiccated and was lifted into 
the atmosphenc circulation and transported, sometimes for consider¬ 
able distances, before finally settling There is a strong suggestion 
that the lower bleached horizon in the upland rock flour deposits may 
represent a former surface exposed to weathenng during the interval 
when fluvial activity was finally restored in the valley ways llie 
last melt waters which flowed into the valleys were capable of trans¬ 
porting merely the finer silts, although occasionally the velocity was 
increased sufficiently to mov e fine pebbles, which became intermixed 
in the mantle While the depressions were occupied with slow mov - 
mg waters, tranriooation by the wind was mimmized Hence at tlie 
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time of renewed fluvial deposition m the valleys the upland deposits 
were subjected to weathenngj with the result that a weak podsol 
layer was developed When Anally the ice sheet retreated northward 
to the point where mdt waters could no longer find access to the 
train-filled valleys, desiccation again became an effective process 
and the finer silts were subjected to renewed atmospheric shifting 
They were then in part carnet! out of the depressions and on to the 
adjacent uplands, whore they were spread out over the potlsoled sur¬ 
face Kventually the encroachment of vegetation caused the soils 
to become more or less fixed, and then followed the natural sequence 
of weathering activities and the development of an upper podsol 
horizon in both the lowland and upland deposits 

Thus, m conclusion, it may be inferred that fine sediments in the 
valley-tram deposits are definitely of fluviatilo origin On the other 
hand, the mantle silts of the uplands, although originally water-laid, 
were subsequently transferred by the wind and deposited ev entually 
as loessial material 

Miouioan Statu Coliuou 
East Lansing, Michigan 



PI A I !• S X( XC 11 



PI Ml \( 










IM MI \( 11 



tiu 2 'muIk* iliu I il silt rtshiik *in( Uh on ht f <i ki n (1 (if 
\ul!(\ ti iiti (i( it Cli inipi III kr i\« 1 pit mu Uinliuouti 






DISC^OVERY OF ELEPHAS PRIMIGENIUS 
AMERICANUS IN THE BED OF C;LA(TAL 
LAKE MOGODORE, IN (^ASS ( OUNTY, 
MICHIGAN 

tUMINF C CASK, IRVING D SCXm, BVRNF M BADPNQCH, 
AND THEODORE F WHITF 

I N 1929 the Muhcuin of Paleontology of the University of Michigan 
reieivLsl uoni of the disiovirv of large bones in a marl pit near 
the Hmall villigc of Union in Caan C’ounty, Michigan Investigation 
revealed that these were the Ixines of an elephant Sinct suth re- 
mama are relatively scarce m Michigan, the material was carefully 
preserved and is now mounted in the Hall of Evolution m the Um- 
versity Museums Building 

Iho skeleton waa found during the excavation of a marl bed m 
the northwest cormr of Porter Township, Caas County, Section 32, 
lownship 7 S, Range 13 W Mr Ctcorgc l\agner, the owner of the 
pit, most generously donated the specimen to the University and 
aided mat( nally m its recovery 

The position of the specimen gave an opportumty for a more ac¬ 
curate dating than any previously discovered, and so the help of 
Professor I D Scott and certain of his advanced studenta was en¬ 
listed to determine what could be made out from the associated glacial 
and physiographic features coneermng the time of bunal The follow - 
mg IS a report of the combined findings of all engaged m the study 
The specimen consisted of the major portion of the skeleton of an 
adult individual The skull and tusks were not found, but all four of 
the cheek teeth were recovered in good condition These teeth were 
determined by Dr H I Osborn, of the Amencan Museum of Natu¬ 
ral History in New York, as those of Elephas pnmtgemus amneanus^ 
the woolly or hairy mammoth of the Amencan continent 

The humerus measures 3 feet 11 inches m length, which indicates 
a height of 10 feet 6 mches at shoulders, and a length of over 13 feet 
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from the base of the tail to the base of the tusks, somewhat larger 
than the Indian elephant commonly seen m the circus or eodlogical 
ganlen Because of the absence of tusks, which reach a large size m 
the male, it la believed the skeleton is that of a female 

The skeleton lay upon a yellowish, clayey sand which formed the 
bottom of the lake in which the marl developed Above the aped- 
men lay 8 feet 8 mches of undisturbed marl, mostly white, but with 
bands of a brown and bluish color The marl is an almost pure 
calcium carbonate, formed from the shells of fresh-water in\ ertebrates 
and by direct precipitation from the water According to a personal 
communication from Mr Calvm Goodrich, curator of molluscs in 
the Museum of Zoology, the abundant shells of lamelhbranchs and 
gastropods preserv od in the marl are mdistinguishable from those of 
living forms Tlie undisturbed condition of the marl beds shows that 
the cadaver was deposited before the marl was formed and did not 
sink down through all or any part of it at any subsequent time The 
condition of the bones, some badly mjurod by decay and the skull 
almost entirely destroyed, indicates that they lay partly exposed to 
the air for some time before bunal These are important points, 
since they date the deposition of the specimen at the begmning of the 
formation of the lake 

The oxammation of the physiographic evidence by Professor 
Scott and two of his advanced students, Mr B M Badenoch and 
Mr T E White, leads to the following considerations 

The glacial deposits of the region south of the Saginaw-Graud 
lowland were formed by the Wisconsm ice sheet The Kalamasoo- 
Mississinawa morainic system may be taken as characteristic It 
consists of three parts, a western part with a northeast-southwest 
trend formed by the Michigan lobe, a central part with a northwest- 
southeast trend formed by the Saginaw lobe, and an eastern part with 
a northeasbsouthwest trend formed by the Huron-Ene lobe It will 
be seen from the map (Map 37) that these three sections form a large 
rectangular reentrant 

The Kalamazoo-Mississmawa morainic system marks the first 
great halt of the receding ice front Throe earlier minor halts are 
indicated by the Lagrange, Sturgis, and Tekonsha moraines which, 
although not continuous, have a northwest-southeast trend and there* 
fore were deposited by the Saginaw lobe It is important to note 
that there was a readvanoe of the loe to form the Tekonsha moraine 
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and that the Lake Michigan sector co\crod the western ends of the 
Lagrange and Sturgis moraines ' This adv ante was sufficient to co\ or 
the basin m which the skeleton of the elephant was found and for 
which the name *'Lake Mogodore" is proposetl Ihis name was ap¬ 
parently used first by Mr John Eby, a former resident of the region, 
who probably derived it from the earlier name of Chapel Hill school- 
house near the hnd of elephant bones, and from the local n vme, 
Mogodorc Valley, appliotl to the lower end of the depression fomu rJy 
occupied by an extension of the lake 

The borders of Lake Mogodore are identified by a well-defined 
offshore terrace, often consisting of marl, and in placos by low, wave- 
cut cliffs The terrace stands between thirty-five and forty feet 
above the present level of Shavehead Lake and at about the same 
height above Carter Lake At Birch Lake, however, the terrace is 
only about six feet above the present lake level At its greatest 
extent Lake Mogodore had a total length of about six and onc-half 
miles and a maximum width of about one mile It was irregular in 
shape and contained several islands, some of which were topped by 
wave action It covered nearly all of Sections 7, 18, 19, 30, 32, the 
southwest part of Section 5, the southeast part of Section 6, the 
northeast part of Section 31, Ihe southwest part of Section 29, and 
the west half of Section 8, all in Township 7 S , Range 13 W (See 
Map 38) 

The present drainage starts with Birch Lake, which is the highest 
in the Mogodore Basin It discharges southward into the western 
arm of Shavehead Lake The outlet of the latter lake takes a south¬ 
easterly course and is joined by the drainage of Carter Lake at the 
head of the Mogodore Valley The stream continues to the south and 
east into Long Lake and thence into the St Josephus River Ihc 
drainage of Lake Mogodore followed approximat-cly the same course 

From the explanation given above it is evident that Lake Mogo¬ 
dore came into existence after the recession of the ice from the 
Tekonsha moraine The condition of the bones necessitates postu¬ 
lating a rise in the level of the lake to its maximum stage but, un¬ 
fortunately, no physiographic evidence of this was found 

The date of bunal of the elephant is uncertain It surely post¬ 
dated Tekonsba time and must have been previous to the draining of 
the lake, the date of which is not known Assuming burial to have 
Frank leverctt, personal communication 



Map 38 K portion of Chrs C ounty Michigan, showuig the Bite of glacial lake 
Mogoiiore and the find of Elepkas pnmigentu^t an 

taken place during the tunc bett\ecn tlu formation of the Tekonwha 
and Kalamazoo monunes^ the folhiwing glacial history ensued ')he 
Kalainazoo-Misaissinawa system was followed by the fealainome^ the 
Wabash, and the Fort Wayne moraines, all of major importance 
The recession of the ice from the Fort Wayne moraine initiated a 
senes of glacial lakes with Maumee, Arkona, tVhittlesey, Warren, 
Algonquin, and Nipissing as the mam stagOvS 

It IS impossible to state with any certainty the duration of this 
time m terms of years, and any attempt must be in the nature of an 
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estimate Our best clock is Niagara Gorge, which was started in 
Algonquin time According to Dr Frank L#everett in a personal 
communication, It has taken Niagara River approximately 18,000 
ycAFs to carve the gorge The same authority places the Tekonsha 
moraine at somewhat less than 36,000 to 40,000 years ago Thus 
the elephant must have lived in southwestern Michigan at some time 
less than 36,000 years ago, but how much later the genus survived in 
the state is still a question 

UNivKftsrrY or Mxchioan 



THE LOWER CHEEK TEETH OF THE FOSSIL 
HARE PALAEOLAGUS HAYDEN I 

LEE K DICE AND DORA S DICE 

T he lower cheek teeth of the fossil hare, Palaeolagus kaydem 
Ijeidy, exhibit numerous changes during the life of the individ¬ 
ual, and the teeth of young ammals differ greatly from the teeth of 
old aiumals The changes m teeth during growth are so considerable 
that specimens of this one spocios have been assigned to four genera 
and to three different subfamilies of the Lepondae 

Leidy ^ in his original description of Palaeolagus noted that some 
changes in the teeth are correlated with age Troxell * also has 
described bnefly some of the stages? of wear on these lower teeth 
By bringing together a large number of specimens from several mu¬ 
seums we have been able to make a more detailed study of these age 
changes Since Troxell has desenbed in some detail the age changes 
in the upper teeth, we have confined our attention to the lower 
senes 

Among the material which we have examined for this study are 
one hundred and ten fragments of lower jaws kindly Ioane<i from the 
collections of the Umted States National Museum These specimens 
were collected in the years 1886-88 by J B Hatcher, and are from 
the White River Formation, probably in the Hat Creek Basm, Sioux 
County, Nebraska George F Sternberg has courteously allowed the 
examination of the types of Protolagus affinvs and Archatolagus 
rfno/ua, which were collected in Central Wyoming The Peabody 
Museum of Yale University has generously loaned over four hundred 
porta of lower jaws, most of which are from the Ollgocene (probably 
Brule clay) of Nebraska, but a few are from localities in Colorado 
and Wyoming 

^ Lddy, Jo«eph, “On the Extinct Mammalia of Dakota and Nebraska, 
Including an Account of Borne Allied Forms from Other Localities/' Joum 
Aead Not Sa PhUa , Ser 2, 7 331-334, PI 26. Figs 17-20 1869 

* Troxell, E L, “Paloolagus, an Extinct Hare/* Am Joum, \ 346- 
348 1921 
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A small amount of \ariation occurs between different specimens 
of the same tooth at comparable aj^es, but there is, nevertheless, a 
great deal of similanty m the senes of specimens at hand, and wo 
believe that all the material here described belongs to the single 
species Palaeolagus haydem It is probable that several races or 
subspecies are represented, for much of the matenal lacks precise 
data of locality and formation Some of the specimens from the 
Peabody Museum which we have used in this study have lx*cn labeled 
by Troxell as belonging to the subspecies Palaiolagus haydem agapetit- 
lu8 and P h intermedtua, though most of them arc assigned to the 
typical subspecies Since these three subsptcies arc separated by 
Troxell only on the basis of size, we have treated them together m 
oonsidenng the effects of age and wear on the characters of the teeth 
The figures of the teeth were made by Grace Eager The enamel 
pattern of eAch ItKiih was drawn separately with a camera lucida 
from a point of view parallel to the length of the tooth 

The youngest teeth in the lower jaws which we have examined are 
the third and fourth deciduous molars No trace so far has been 
found of either the first or the second deciduous lower molars 

The most anterior milk tooth (DPa), when first erupted, is made 
up of three pnncipal transverse cusps, all of which rise into sharp 



Fia 7 Falawlayun haydem DP» and DP* from 
inner side, X 12, anterior cusp of DP^ soine- 
ahat broken Peabody Museum, No 13790 


crests (Fig 7) Enamel surrounds all the cusps On the inner 
surface of the posterior lobe there is a small re^^ntrant angle of enamel 
(Fig 8) With wear the anterior cusp and the middle cusp become 
joined together near the middle of the tooth by a neck of enamel 
(Fig 0) At about the same time, sometimes earlier and sometimes 
later, the posterior and middle cusps also become joined near the 
middle of the tooth (Fig 10) With still further wear the posterior 
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cusp and the middle cusp become joined by enamel on the inner 
surface of the tooth, and theleby cut off an island of enamel (I 1 1 ) 
At this time the anterior cusp has almost entirely disappeared, being 
represented only by an enamel island toward the inner edge of the 
tooth, and by a shallow re^^ntrant angle on the outer edge of the 
tooth A somewhat different angle of wevr on is shown in 



Fios 8 13 P(ilae<]^gu8 fiagHtmt Knamel patterns of lower dotidiious molars 
X 0 Peabody Museum, Nos 13791, 12075, 13793, 120710, M794, 13795 

Figure 12 where the anterior cusp has entirely disappiand, and the 
posterior and nuddle cusps art joined m the middle of the tooth 
In a slightly later stage of wear (Fig 13) both reentrant angles are 
much reduced, though enamel still completely surrounds the tooth 
In very late stages of wear (PI XCIII, I’lgs 1-2) DPi has entirely 
lost the internal reentrant angle, but the external reentrant angle 
still persists In this very late stage of wear enimel occurs only on 
the outer bordt r of the tooth and in the reentrant angle 

The roots of the anterior deciduous molar (UPa) penetrate duply 
into the jaw, almost coming into contact with the root of the muso'* 
When the crown of this dtciduous molar has disappeared the root^ 
remain in place for a short time The strong anterior root of DP is 
directly in front of P* (PI XCllI, ligs 3 4, text Fig 14) and on 
casual inspection might be mistaken for a more anterior to-ith Ihe 
posterior root of this milk tooth lies toward the outer side of the jaw 
between P| and P 4 

The fourth deciduous molar (DP4) at its first appearance (hig 7) 
18 made up of two principal transverse cusps, which nso into sharp 
crests A strong posterior lobe is attached to the posterior cusp 
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(Fig 8) Enamel surrounds all the cusps With wear the two mam 
cusps become joined by enamel on their outer borders, and the tooth 
then has a rounded outline with an external rcf^ntmnt angle extending 
completely across (Fig 11) At this stage the enamel of the two 
pillars comes into very close contact in the middle of the tooth and 
gives an appearance almost of fusion, but in none of the specimens 
which we ha\ e examined is there an enamel connection at this place 



Fio 14 Fia 15 Fig 16 Fio 17 Fio 18 Fio ID 


Figs 14*19 PcJofeolagut haydeni Enamel patterns of tower cheek teeth, X 6 
Fig 14 Right P., P*, M,, M, U 8 N M , No 13568 In front of Pi 
appears the broken anterior root of DPi 
Fig 15 Left P,. P, U S N M , No 18569 

Fig 16 Right P|, Pi, Mi, Mt, Mt. Type of Proiolagut affi,nu$ Walker 
Coll of Geo F Sternberg, No 26 
Fio 17 Right P,, P 4 , M, U S N M , No 18660 

Fio 18 Left Pi, P 4 V S N M , No 18561 

Fig 19 Right P«, P 4 , Mi, M., M. U 8 N M , No 18562 

In a late state of wear (PI XCIII, Figs 1“2) the large external 
reentrant angle <A DP 4 ia much reduced and extends only about 
halfway across the tooth In this stage of wear enamel is present only 
on the reentrant angle and on the outer surface of the tooth 

The two deciduous molars show a surprising correspondence in 
the details of their enamel patterns with the pretnolars which replace 
them The enamel pattern on the face of Ps during a mature stage 
of wear is characterized by strong internal and external reentrant 
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angles which nearly meet in the middle of the tcKith Its milk tooth 
(DPO has a similar shape during one peruni of its wear In its 
mature condition P 4 has a strong external reimtrant angle which 
extends oomph tely across the tooth Its milk molar (DP 4 ) has 
similar characters dunng a part of its wear, and the milk molar even 
has for a time the posterior lobe on the tooth which is so character¬ 
istic of the early stages of wear on P 4 



Fia 21 Fio 22 1*10 23 (iQ 20 Fio 25 


> 108 20-'20 Palaeahffux haydent Enamel patterns of lower cheek toeth> X 0 
Fro 20 UiRht P, P. U S N M No 13563 
1^10 21 Loft P, P* U 8 N M , No 18564 
Pio 22 Right P*, P 4 , M(, Ml Peabody Miiaeum, Vo 13780 
Fifl 23 Right Pi, 1*4 Mi, Mi, Ml Type of 4rcliaeohiofioi stnalM Walker 
Coll of Geo !■ Sternberg, No 27 
Fia 24 Right Pi, P 4 Peabody Museum No 13796 
Fio 25 Eight Pi P4, Mi Mi Peabody Museum, No 13797 
Fi< 3 26 Uft M, U S N M , No 13665 

At Use age when tlie two nulk molars are still in place, though 
much worn, the first two true molars are already m position (PI 
XCllI, Figs 1 - 2 ), but the third molar has not yet erupted The 
fourth premolar erupts before the third, and may show considerable 
wear b^ore the third deciduous molar Is lost (PI XCIII, Fig 3) 
The thir^ lower premolar, when it first erupts, consists pnmanly 
of two large transverse pillars, one anterior to the other and con- 
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nected broadly in the middle of the tooth by cement (Fig 14) 
Wlitn it iH first erupted a hue of enonul extends around each pillar 
and IS thickest on the postenor border of the pillar The anterior 
pillir at its tip IS invaded from in front by a broad shallow valley 
(PI XCIII, Pig 3), which does not descend much below the summit 
of the cusp, and which therefore disappears shortly after wear begins 
on the tooth With only a small amount of wear the two pillars 
making up Pa become connected in the middle of the tooth by an 
isthmus of enamel (Pig 15) 

A small Tot^ntrant angle develops on the inner surface of the 
posterior pillar of P 3 soon after wear begins on the surface of the 
tooth (P'lg 14) Ihis rev^ntrant angle enlarges with further wear 
(tig 15), but soon again diminishes (P^g 16) Ihe tooth at this 
stage has two internal reentrant angles At the next stage of wear 
(Pig 17) the neck of the more postenor internal reentrant angle has 
become constricted (Pig 17), and the Ia«»t stage of the angle is 
represented only by an island of enamel (P^g 18), which soon dis¬ 
appears (Fig 19) The whole process is passed through very early m 
the life of the tooth, and m all the later stages of wear on there is 
no trace on the posterior pillar of an internal reentrant angle 

Tn some young specimens of Pj there is a small indentation of 
the enamel on the p<istcrior-extenor border of the postenor pillar 
(PI XCITI, Pig 6 ), and this indentation, together with the internal 
rei ntrant angle which is on the posterior pillar at thm stage, produces 
a postenor lobe on the tooth similar to, but smaller than, the postenor 
lobes on P 4 , Mi, and Mi in their early stages of wear 

On one unusual specimen of P* a small lobe is attached to the 
anterior face of the antenor pillar (PI XCIII, Fig 6 ) This lobe 
does not extend far down the tooth, and would disappear after a 
bnef penod of wear 

rhe general shape of Pj during a considerable penod of middle life 
18 that of a compressed hourglass (Pig 19) With further wear the 
neck of the mam internal ret^ntrant angle begins to constnet (Fig 20), 
and then closes off at the edge of the tooth, leaving an island of 
enamel (Figs 21-22) to mark the former position of the reentrant 
angle With still more wear the island disappears and the external 
angle becomes reduced m depth (Fig 23) In very old age all the 
reentrant angles are gone and the tooth is roughly ovoid (Figs 24-25) 

On the older specimens of Ps the enamel is much thicker than 
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during the earlier stages of ear On the other niolanforra teeth also 
there is a similar thickening of the enamel m old ago In the very 
oldest specimens of Pi enamel is lacking on the mnt r surface, though 
it is still present as a thick plate on the outer surfau 

The fourth preraolar erupts liefore the third, and its face shows a 
small amount of wear at tlu tune when the third deciduous molar is 
lost (Pi XCIll, tigs 2 3) At its first appearanct P* is made up of 
two independent trans\ ersc pillars, one anterior to (ht other (lig 14) 
Ihc two pillars are connected only by cement Therr is a posterior 
lobe on the hinder etlge of the posterior pillar and this lobe is set off 
mainly by two posterior reentrant angles, the inner one of which 
18 the deeper With continued wear the pijstenor lobe becomes more 
prominent (Pig 15), mainly by the deepeaing of the outer one of 
th< two re< ntrant angles setting it off Howevi r, this posterior lobe 
ixists during only a bnef penoo <)f wear, for in th( stag< of wear 
represented by Pigure 16 it has entirely disapjHared 

Fftch of the two pillars making up the slightly worn P 4 is sur¬ 
rounded by enamel, which is (juite thick along the jx^stenor edge>i of 
the pillars In older ages the enamel becomes thicker, but in the 
oldest (Figs 22-24) it is lacking on the inner surface of the tooth 
The two pillars of P 4 maintain their distinctness o\er a ’ong 
period of wear (Figs 15 20) Finally they become joined by enamel 
on the inner border of the tooth (Fig 21), and the tooth then has 
a somewhat rounded shape, with a deep external reentrant angle 
The external ret ntrant angle, when first formetl, extends completely 
across the tooth With further wear it becomes shortened (Pigs 
22-24), and in the oldest specimen which we have seen (Fig 23) it 
extends only about one third of the way aeross the tooth 

The history of the first and the second true molars is very much 
hke that of P4 Both Mi and Ms are m position and are very slightly 
worn at the time of the eruption of P 4 At their first appearance ea Ji 
of these molars is made up of two transv erse pillars, one anterior to 
the other and connected only by cement When but slightly worn 
each of these teeth has a conspicuous postenor lobe (PI XCTII, 
Figs 1-4) With wear the posterior lobes on these molars soon dis¬ 
appear (Figs 16 and 19), the lobe on Mi goes before the ont on Mj 
The two pillars forming each molar eventually become united by 
enamel, so that, as in P4, the teeth come to have deep external 
reentrant angles With wear the depth of these rcintront angles is 
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reduced (Figa 22-24) In the oldest specimen at hand (I'lg 25) the 
rei*ntrant angles of Mi and Mj extend only about halfway across the 
teeth Throughout early and middle life enamel completely sur¬ 
rounds both Ml and Ms, but in the oldest stages of wear enamel is 
lacking on the inner border of these teeth (tigs 22''23, 25) 

The third lower molar (Mj) erupts at about the same time as P* 
(PI XCIII, Figs 3-4), and at its first appearance it is made up of 
two pillars, one placed before the other m position, and each sur¬ 
rounded by enamel (Pig 19) An exceptional specimen of Ms 
(PI XCIII, Fig 5) has a posterior lobe like that of the other molars 
With wear the two pillars of M* become joined by a neck of enamel, 
so that there results a tooth (Fig 16) with an external reentrant angle 
of enamel extending nearly across and nearly meeting a small internal 
groove At a later stage of wear M* is rounded and has a moderately 
deep external ret^ntrant angle (Fig 26) At this age enamel still 
completely surrounds the t^ioth In the oldest stages of wear M 3 
consists of a single flattened plate with enamel only on its outer 
edge (Fig 23) 

The order in which the several teeth erupt is not exactly uiuform 
in the different lower jaws which we have examined Thus in 
Figure 19 a stage of slight wear on Ms is associated with a more ad¬ 
vanced stage of wear on the other teeth, whereas in Figure 16 an 
advanced stage of wear on M| is associated with a less advanced 
stage of wear on the other teeth 

The very considerable changes which have been desenbed above 
as occurring In the characters of the teeth of Palaeolagus haydentt 
during the growth of the animal, have misled paleontologists into 
describing a number of species, genera, and even subfamilies from 
specimens which we believe belong to tlus one species 

Cope* based his genus Trxcium on the presence of the third 
posterior lobe on certain of the molars Tncxum amnculiLSf T kpo- 
nnutn, and T annae seem all to be synonyms of Palaeolayus haydent 

Walker * based the subfamily Protolaginae on the presence of a 
second reentrant angle on the inner face of Pi We have been allowed 
by George F Sternberg to examine the type of Protolagus affintui 

* Cope, E D, “Third Notice of Extinct VertebraU from the Tertiary of 
the PlainH,“ Palamniol Bull, No 16 4-5 1678 

* Walker, M V, “ Not^ on North American Fossil liOgomorphs," The 
Aerend^ Kaiuoi State Teachen Call Qmri (Hoys, KanBOs), i. No 4 236 1031 
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Walker, on which the subfamily Protolajjjinle ih based, the enanul 
patterns of the lower teeth of the type are drawn in 1 imire lb Ihf 
minor internal ret nf rant anj^le on P, of the type is only a temporary 
stiucturt, for it extends but a short distance down (he tooth be>ond 
the present st ige of w<ar With \ slight additional amount of weir 
this reentrant angh would disappear, ns was noted by Walker him¬ 
self \11 the othtr tharaeters of the teeth mentiorud by W ilker 
are those of a young specimen of Palaeola{ju^^ and the spetumn fits 
exactly into the senes of growth stages of Palneolagus hoyden? 
hurthermore, the skull shows nt» characters winch woulil distinguish 
It m any wiy from an excellent skull of Palaeolagus hayde?n which one 
of us has previously desenbed It seems ncdssary, therefore, to 
regard Piotol/igus affinus as a synonym of Palaeolagus hagdent 

The species Aechaeolagus stnatus Walker* is based on a \cr> old 
specimen, Jis is shown by the greatly worn teeth of tie type, which is 
illustrated in Figure 23 None of the chiracters of the teeth of this 
specimen distinguish it freim very old spoeimens of Palaeolagus hny~ 
dentf nor do there seem to lie any characters of the skull whuh are 
distinctive Arckaeolagus stnatus must, therefore, also be placed as 
a synonym of Palaeolagus haydeni 

University ov Mickiuan 

* Dice, L It, {jtome Characters of the ‘^kull and SkileIon of ilu Posail 
Ilarc, Palaeolagua hMydent,^ Pap Mtch Acad Set, ti/s and 1 cttirs, 18(1932) 
301 306 1933 

• Walker, ap cU p 236 




A STUDY OF THE BAYPORT CHERT 


FRED DUSTIN 

twenty-five years I ha%c collected the cultural remains of 
the people who once occupied our state of Michigan, and my 
home county, Saginaw, has yielded over three thousand arrow jximts, 
with hundreds of dnlls, perforators, scrapers, leaf-shaped blades, and 
knives As the collection grew and interest increased, I observed 
that nearly all those artifacts were of a characteristic mineral in 
which the lines of growth or deposit were concentric The gathering 
of perfect pieces led to the saving of ”rejects,” turtlcbacks, flakes, 
and fragments of odd form or showing hollows and crystalline cores 
From this it was but a step to the study of the matenal and to the 
wider field of its geological genesis and distribution 

Chert, which mineralogists generally define as an impure flint, 
is of widespread occurrence, where certain types of limestone are 
found it exists either in concretions or in veins, sometimes merging 
into agate, chalcedony, true flint, or other form of silica It is usually 
gray, although occasionally black, becoming the basanite of the 
literature on gems, or, rarely, green, when it is called plasma It 
may be red, blue, pink, white, yellow, or brown, sometimes it is 
mistaken for jasper, although its true oonchoidal fracture distin¬ 
guishes it from that mineral, which shows an uneven surface when 
broken and Games a considerable percentage of elements other than 
silica 

In a previous article ^ I have desenbed certain materials used by 
the Indians in their lithic arts This paper is a moie particular de¬ 
scription of the Bayport chert found m the limestone most promi¬ 
nently exposed near Bayport in Huron County and in Arenac 
County, or on islands in Sagmaw Bay In his geological paper on 
the Lower Pemnsula, and on the map which acoompames it * Dr Carl 
Rominger defines this rock as carboniferous limestone ” It lies 

* Dustin, Fred, ** Materials of the Indian lapidary in the Saginaw District 
Michigan/’ Pap Mtch Acad Set , ArU and LeUarc, 8 (1827) 11^22 192a 

* Bominger, C, Ocalogy of Lower Pemneuh (1870), OsoL JSurv Mich , 3, 
Part I, 102, and map in pocket 
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beneath the coal measures, around which it forms an outA^ard rim 
bounded by a line having near it Alabaster, West Branch, Reed 
City, Grand Rapids, Btllcvue, Jackson, Holly, Otter Lake, and 
C asc\ ilic A later map * based on increased information somewhat 
modifies the area as gi\ en by Rommger Dr R A Smith, the present 
state geologist, defines the formation as ‘Mhe Upper Grand Rapids or 
Bay Port (Maxville)* and gives a somewhat detailed account of 
its occurrence, which he summarizes as follows The Bayport lime¬ 
stone 18 the upper member of the Grand Rapids group of the Missis- 
sippian system It underlies a belt around the central Coal Basin 
excepting in the southeast where it has been largely removed by 
erosion The chief areas of exposure are m the vicinity of Bayport 
m Huron ( ounty, in Arenac County, and near Bellevue, Eaton 
County In Jackson ( ounty the Bayport limestone forms a capping 
on many of the pre-Coal Measure hills ” 

In Annac Ctiunly there are several exposures of the Bayport 
limestone, beginning at Point Au Gres, where it forms a ledge along 
the shore nsing to a height of seven or eight feet From here the 
formation extends northwest along a low ndge, outcropping in eleven 
or twelve sections for a distance of eleven miles or more, it is sandy 
or cherty and contains many fossils About halfway between the 
villages of Omer and Au Gres the new paved highway, M-23, crosses 
a quarry site with good exposures of the rock In places the per¬ 
pendicular face 18 from six to eight feet in height, thus giving a fair 
section The opening south of the road is about two hundred by 
three hundred feet, the one north is smaller and not so deep In 
some of the layers hundreds of chert nodules can be seen, many of 
fantastic forms, there also appear to be limestone concretions which 
have perhaps formed in the same manner that the chert has The 
rock 18 much shattered, partly from frost, and many of the chert 
nodules are broken and seem also to have detenoraied by weathering 
A visit to this place in the fall of 1933 gave me a good Idea of the 
great supply of material for those artifacts which have been collected 
in the great Saginaw district and surrounding territory 

The more important outcrops in Huron County are found in 

» I^verett, Frank, and Taylor, Frank B, Th$ Pleniocene of Indiana and 
M%ch%gan and ike Hutory of the Oreat Lakee^ V S Oeol Surp , Mon 6S (1915) 

* Smith, B A , Mineral Reeourcee of Michigan for 1915 and Prior 
Yeare With a TreaUee on lAtneeUme Re$ouroe$ (1916), PuW 21, Geol Ser 17, 
pp 162-185 
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the \icinity of Bayport, uhere it m expORod along the shore, on th( 
islands wcjit and northwest, and also at the Bavport ((uaines south¬ 
east, where the overlying funl is thin and where extensive operations 
have been conducted for nearly fifty yiarH 

At Chanty Island there i« a largt exposure In lustola ( ounty 
two or three miles l>elo\v the (irand Tnink Railroad hndgt across 
the Cass River south of Cass City another outcrop appuirs which, 
though small, is of considerable intereht hrom these places thf 
abongines secured their supplus of cheit on which this study is 
based 

In 1820 Henry R Schoolcraft said in his Narrahie Journal ^ 
“In crossing the bay [SaginawJ we landed a few moments on 
Shawangunk [Chanty] island which is found to be based on com¬ 
pact hmei«tone, and contains embedded masses of ( hahedony ind 
calcareous spar I also picked up, during the shert peiiod we re¬ 
mained, a lump of the argilldceous o\yd of iron, nnd some detaehed 
fragments of a coarse stnped jasper “ 

Winchell states* that this limestone formation is seen under the 
water a long distance wiuthwest of little (’’harity Island, and that 
it outcrops on its northern, western, and southern shoreR, “but 
more extensively on the north side of Great Chanty Island, where 
it naes alxiut five feet above the water “ 

Rominger ^ dosenbes the several strata exposed on thf larger of 
the two islands, whicli is now officially known as Chanty Island 
(The smaller one is now called Little ("hanty Island) He notices 
the numerous flint (chert) nodules and names the mf'st important 
fossils 

Lane,® who has reported at considerable length on the geological 
formations observed m Huron ('ounty, states that some of the lime¬ 
stone layers are filled with chert nodules and others with fossils, 
including corals and fish teeth He aho says that on the shore of 
Chanty Island facing Little Chanty “there arc low paving-slab out- 

• Narraitt>e Jtmmal of Travels through the Northwestern Regum of the UntUd 

Siatet, exUndtng through the Oreat Chatn of American Lakes to the /Sources of the 
MisHssippt Etver In the Year (1821) p 99 

‘ Winchell, A , First Btenrnal Report of the Progreea of the Geologieal Suneg 
of Mtchtgan^ lAnver Peninsula (1861), p 101 

^ See page 119 of work cited in note 2 

• Lane, Alfred C, Oei>log%cal Report on Huron County, Mtchtgan (lUOO) 
Oeol Surv Mieh, 7 Part U pp 105-112 
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crops of brown brittle dolomite with cavities, and the surface is 
strewn with chalcedony and other geodes, which have evidently been 
left by solution of the lunestone that enclosed them ” 

Harlan I Smith,* the noted archaeologist, made many observa¬ 
tions m the Bayport region He says *'At the western limit of 
Wildfowl Bay is North Island, on the northern or highest part of 
which chert implements were found m all stages of manufacture, 
from the nodular masses occurring in the substratum of the entire 
island to the finished chipped points for spears, arrows, knives and 
similar objects Here wore also found chips, flakes and other dis¬ 
carded fragments of the same matenal, — the waste from the proc¬ 
esses of manufacture, —• indicating the site of an ancient workshop 
He notes similar conditions on '^Heiaterman'' or Stony Island 

Dr R A Smith reviews previous reports and summarises the 
available information, including that of Professor W M Gregory, 
whose Geological Report on Arenac Countyf Michigan (1912),** with 
its accompanying maps, has been useful m the preparation of this 
paper Dr Smith also desenbes the Bayport quarry, he gives a 
vertical section showing its several beds ^ 

Gregory's Hepori mentions several quarries in the Umestonli In 
Arenac County, with data on its appearances and commercial uses, 
whereas the sections given by Winchel), Rominger, Lane, and Smith 
have interesting details on the general character of the formation in 
the vicimty of Saginaw Bay, which are adequate for the purposes of 
the archaeologist 

Winchell states m regard to the chert near or at Bayport “The 
flint nodules in layer D,** are bluish, of a fine, homogeneous structure 
and strike fire with steel, with great readiness They exist in large 
quantity ” Rominger and Lane repeatedly mention “numerous 
nodules of chert,” and R A Smith adds some facts on the “cherty 
limestone” in his "Treatise ” *♦ 

This study is based on selected specimens, on which senal num¬ 
bers have been placed They have presented to the University 
of Michigan Museum, and may be of use to the archaeologist 

* Smith, Harlan I, The Sogveaw YaHey CoUeeitott^ Supp! to Am Mue Jmm , 
Vol 7 (1901), No 12 

** Sae page 220 of work cited in note 4 
Mteh Oeol and Bud 5urp, Publ 11. Geol Ser 8, pp 47-68. 

** See pages 101 and 102 of work cited in note 6 
** CItad in note 4 
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In July, 1924,1 visited the Bayport quarry, from my notes taken 
that day, together with later information, 1 give a bnef description 

The operations, in which was employed the best machinery for 
quarrying, transporting, and cnishmg the limestone, covered many 
acres of ground Steam shovels removed the overburden of soil, 
which was not thick, pneumatic drills pierced the rock for charges 
of dynamite, winch broke it up to be hfted by a steam shov cl into 
oars m which it was transported by a locomotive to the crusher, 
by which it was broken up and assorted into commercial sizes 

My exammation covered only a few hundred feet of the north 
face of the quarry, which was from ten to twelve feet high The 
rock first exposed (marked 1 in the senes) is a sandy limestone about 
three foot tluck, at the bottom of which thexe are one or two layers 
of hmestone two inches in thickness, filled with simple fossil corals 
which look like sections of calamus rotit, most of thorn lying parallel 
with the bedding The replacement mineral of these fost^Us has the 
appearance of calotte, and the broken sections stand out in marked 
contrast to the yellow-gray matnx A more cartful examination 
indicates that many of these corals are sihcified, and when subjected 
to the hardness test and examined with a pocket lens are seen to be 
almost pure chalcedony Immediately below this foasihferous layer 
IS the cherty limeatone containing thousands of chert nodules, or, 
as the quarrymen call them, ^'st^nes,^^ some very compact with a 
glimmering luster when broken, others porous and of less punty 
Many are embedded in the broken rock, fair samples are the speci¬ 
mens 3-A and also which is a small nodule in its limestone 
matnx Specimen 3 shows masses of brown rhombohedral crystals 
which I supposed to be calcite, but which later proved to be that 
form of magnesite called brown spar Calcite crystals do occur, 
however, and there seem to be variations m the crystalline secondarj 
deposits, much silica m one locality and magnesia and iron m others, 
with occasional i>ockeU of pynte, zinc blende, or pure calcite crystals 
At the Bayport (quarry there seems to be much brown spar, together 
with small masses of lean iron ore, probably limonite 

At the base of the cherty limestone formation and resting on the 
shale beneath, a layer of very fine grained compressed limestone is 
seen which, when first exposed to the air, is of a warm gray color 
showing a decided umber tinge It breaks with a subconchoidal 
fracture* as it weathers, it grows lighter in color until it has the 



470 


hred Diiaiin 


apj^carance of chert e\en under the lens hincc this is a valuaVde 
buiidiHR stone, it is unfortunate that this layer is only ten or twelve 
inches thick hor this reaaon it is not saved for building purposes 
unless there is a special order for it Hpeumens 4 are of this rock 

The gntly shale under the oompressefl limestone, specimen 6, 
is a rather bnght green, but that color does not seem to penetrate 
it more than a quarter of an inch, it may be due to iron, for through¬ 
out the limestone proper there are iron stains and ochery patches 
of mineral 

Th( chert nodules seen were not large A great percentage of 
them wore four inches or less m diameter, those of six inches and 
upward were very rare, and a (luarryman of eight years’ oxpenence 
staled that eight incfies was the limit As a rule, most of the con¬ 
cretions from the Bay port quarry are globular, while those at the 
Arenac quarry are frequently of eccentric shapes, resembling a pear, 
a heart, an hourglass, or other curious figure^s, some nearly round 
ones, collected on village sites, hav e been so dcccptiv e in appearance 
lis to bo mistaken for tenuis balls, larger ones have been called 
cannon balls by perigins who have lx?cn deceived by their regular 
spherical outlines 

i collected from Saginaw County village sites two hemispheres, 
one eight and one-half mcheii m diameter, the other eight, iKith very 
compact in texture A third, measuring six inches across, had six 
large flakes struck off, whuh, with the remaimng unbroken piece, 
constituted two thirds of the original nodule, the seven portions 
were lying together where they had been buned m the earth on a 
village site, where flood waters brought them to light 

My collection of nodules from prehistoric sites numbers twenty- 
five unbroken specimens, with an equal number slightly or consider¬ 
ably flaked 

As to their fonnation, there seem to have been two processes of 
growth In the first there was a grarlual filling of a cavity in the 
limestone by the deposit of silica on the lining, with the nodule 
generally becoming purer toward the center, not mfrequently it has 
a core of translucent chalcedony or a small mass of transparent quarts 
crystals, but sometimes it leaves a hollow or vug, as though the 
siliceous solution had been exhausted In the second it would seem 
that the deposit began around some nucleus, organic or inorganic, 
and that a simultaneous process of dissolving out the limestone and 
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formation of the nodule occurred, both grovting fogttiur with the 
cavity and its counterpart ha\ing the same form Ocuisionally fossil 
casts are found in the chert, alho real fossils, such as coral of several 
vanities, esiiecially the simple forms 

The chert m the vicinity of Bayport is the t>pe of mineral from 
which at least ninety pei cent of the arrow points, drills, perforators, 
scrapers, and tutting blades collected m the Lower Peninsula wtre 
made The color, texture, and concentric lines of fonnation, with 
certain other ‘cirmarks” known to the close observtr, indicate 
plainly their origin Ihere are vanationa from this tyiio due to 
local conditions such as the prastnee of hmonite m small tjuantities 
Years ago I discovered a cache of Jeaf-shafxd bl ides with distinct 
markings of an ocher shade T att r I foun 1 on a saml knoll swept 
bare by high winds a pile of flakes and chips, togethe r with a hammer- 
stone that had evidently been used to stnkf off the flakes from 
nodules 1 his waste material was from the chert of wlmh the blades 
m the cache had been rnatlt, the yellow stains, texture and linos of 
fonnation being identical 

Occasionally an artifact is colletttil of ashy black or of a dull 
bluish ea«t, but none originating from the Bayport hmostom have 
been observed that were either a tiut black or a deep blue, altlu ugh 
a number of both types m my collection wort secured locally Like 
the copper kmv(^ and beads from Isle Iloyale and the Upper Penin¬ 
sula, the catlinite pipes from Minnesota, or the little cowry shells 
from the Florida coast, they are the fruits of travel or exchange, and 
are probably from Ohio or farther south 

liartly a fine nodule, artifact, or flake will lie found in which the 
ground mass is a pleasing gray, with almost pure white concentric 
layers alternating, thus giving a true agat^ somewhat like the gray 
Brazilian agates which the German lapidanes dye ami polish and 
palm off on the unw ary as naturally colored 

At a point on the Cass River near the line between Irankenmuth 
and Bridgeport townships, at the lower end of a high, steep bank, 
the aborigines had a canoe landing In the lied of the river at this 
place I have collected at low water a pipe, a celt, a partly flaked 
nodule, and three or four of these gray agates, some distance back 
on the high ground of a village site two or three others were found 
which had been chipped Aside from its archaeological mtercst, one 
is a most beautiful mineral specimen, its delicate and intricate lines 
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aeem more like the handiwork of an artist than a work of nature 
I have presumed that these agates gathered from the river bed with 
the artifacts were lost m an accident, such as the overturning of a 
canoe or other casualty, and my good fortune in finding them was 
perhaps the endmg of a story in which comedy or tragedy might 
have had a part 

Chalcedony geodes from Chanty Island have been mentioned 
and nodules of that material are not infrequent although, so far as 
noticed, they are not large, they furnish material for the smaller 
sizes of artifacts A few show dehcate lines of formation, and are 
true agates, often with gray or white centers somewhat opaque 
Biiiolfied fossils have been found on the Chanty islands one, a 
bivalve wnth valves closet!, seems to have been agatized, another, 
a small mass of cup corals, with the remains of other creatures, has 
an outer coloring of dark red, and shows drusy cavities in which 
the tiny crystals are also colored 

At Point Lookout (Gravelly Point on the older maps) concretions 
of this nature are picked up, perhaps they had their ongm in the 
reefs of the Chanties, from which they were conveyed by ice or 
other natural agencies On the other hand, this point waa the 
landing place for canoes crossing the bay from the eastward, and 
prehistonc remains are plentiful m the near vicimty, so some of the 
nodules and other products of the limestone may have been brought 
by human beings 

Conceraing the outerop on Cass River, Dr Rommger makes the 
following statement Another locality where these lower beds of 
the oarboiuferous limestone senes can be obeerved is on Cass River, 
SO miles south of Caseville, in Town 13, R 11, Sect 10 
is probably a misprmt, it should be 6] At the farm-house of 
Mr W H Brown, situated close by the nver bed, the water flows 
in rapids over the oblique edges of rock beds dippmg at a moderate 
ani^e down stream Here we find a coarse-grained whitish sand 
rock Only a few steps below Mr Brownes house, the sand- 
rock ledges are overlapped by a bluish argiHaoeous limestone of a 
dull, earthy fracture and moderately soft It was from this rock 
that the Inckans used to carve their smokmg-pipes It contains 
numerous nodular concretions of Zincblende, or Druse cavities filled 
with this mineral, or with Brownspar or Dolomitspar The Zlno- 
fise page 104 of work cited tn note 2» 
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blende is mistaken by the inhabitants for Galena, and the same 
mistake occurs on the old maps of surveyors, lead ore being indi¬ 
cated as occurnng m the \icinity of Casa River He further speaks 
of several beds of limestone above this, and says *'A hard, calca¬ 
reous bod with flint concretions overlies them ” 

Many years ago I collected a large piece of chert approaching 
chalcedony in punty it had a peculiar metallic appearance and was 
yellow-brown I^ater it was shown to a mimng engineer who pro¬ 
nounced it “sphalerite or zmcblonde with chert” and, on testing 
it for streak, obtained the characteristic brown powder of that 
mineral Since that time a few other pieces have l>een collected, 
so that it 18 probable that these blende-impregnated flakes came 
from the deposit studied by Rominger 

As for the galena, it is not impossible that it occurs sparsely 
with the blende, as it does in some of the Mississippi River localities 
I have a small lump of this lead ore, also one of the blende, found not 
far apart near the bank of the Cass River at the same village site 
where the gray agates were collected They show the cry'^iallization 
and the streak peculiar to those nunerals, and in each the masses of 
crystals of the metallic ores are intermixed with other substances 
very similar tx) one another, perhaps indicating that they originated 
in the same rock formation, so that it is possible that a grain of truth 
may be buned in the lead legend of the Cass, which has been vanoualy 
related and fantastically embellished Late m 1933 there appeared 
an article in a Saginaw paper “ that reported “gold, zinc, lead and 
copper” as well ns graphite to have been discovered by two local 
citizens of the “lead” neighborhood, one of whom was said to have 
smelted fifty pounds of rock and to have obtained “six pounds of a 
mixture of zinc, copper and lead, the zinc predominating ” It is 
quite possible that the “gold” is pynte and the copper (if any) a 
dnft specimen or an oxidized artifact of prehistonc times A little 
knowledge of the genesis of graphite might be of use in determining 
the identity of a supposeil deposit of that mmeral 

Another typo of chert is that which is strongly colored by an 
iron oxide A short distance west of the town cemetery m James 
Township, Saginaw County, there is an area of two or three acres 
strewn wiUi flakes, chips, rejects, and occasional arrow points or 
oth^ artifacts, nearly all of a yellow-brown color, some darker than 
V Daily Ntfuv, Wednesday, November 22,1933 



474 


Fred Dustin 


others, but all from the same lot of nodules It would seem that a 
canoe load of the raw inatenal had been landed there and worked 
up into the finished weapons and implements This area, together 
with many acrc-s around it, has been a prolific collecting ground, 
and the sandy soil is dotted with the fragments and refuse of manu¬ 
facture but, with the exception of the brown chert mentioned, nearly 
all are of the common gray mineral The outer surface of the brown 
nodules is in no w ay different m color from that of the gray nodules, 
whereas the contrast of the interiors is striking 

At the junction of the Tittabawasaee and Shiawassee rivers there 
is a low flood plain that is occasionally covered by the high waters 
of spring This tract has been a fine collecting ground for local 
archaeologists, and of hundreds of chert artifacts secured a large 
portion are marked with dendrites from iron or manganese, the 
mossy figures being much the same as those of the m^ws agates from 
Wyoming If the material were a translucent chalcedony instead 
of an opaque chert the resulting gem would be a fine one These 
dendntic markings must have been acquired from repeated soak mgs 
of nver water carrying iron or manganese, or from the wet soil itself 

Some archaeologists have stressed the existence of “workshops’^ 
that such existed there can be no doubt, but every village site of 
more or leiis permanent residence that I have seen was a workshop 
where arrow points and all other articles of chert were made We 
can picture the Indian of the Saginaw country making a tnp in his 
canoe to Au Gres, to Chanty Island, to Bayport, or to the reefs 
of the Cass, gathenng his cargo of nodules with perhaps some curious 
fossils and beautiful crystals or such shining minerals as pynte or 
blood-red jasper, then in his little bark returning to the home wigwam 
where the nvers meet 

Here he buries the rounded stones of flint, for he well knows 
that moisture facilitates their working, and later, m his leisure hours, 
he digs out a few and with his hammerstone strikes off flakes of 
suitable size If time pemuts, he chips them into leaf-shaped blades 
and again bunes them until necessity requires, when they are again 
unearthed, the chipping tool comes mto play, and arrow point, dnil, 
or blade is fashioned with speed and skill 

Perhaps disaster overtakes our red worker or death comes, and 
his hoard of blades is forgotten Many generations come and go 
and a new race possesses the land Some of these newcomers are 
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snoenng, some are inihfferent, some mildly curious, but finally 
one comes whose visions of <hc past are tinged with ro^e^ence for 
those who have gone liefore hrom tune to time his feel tread upon 
their ashes, and he gathers from their long-deserted haunts the pipe 
and the stone hatchet, symbolizing thtir jieace and their war On 
the edge of that sand knoll which the wind has bared he sees a little 
pile of chippeii blades and soon uncovers the cache so long hidden 
He has come to the end of the story 

Saginaw, Michigan 




A STUDY OF UNDERGROUND WATERS BEAR¬ 
ING ON THE SOURCE OF ^^BIG SPRING/^ 
SCHOOLCRAFT COUNTY, MICHIGAN 

O FLOYD POINDEXTER 

“T^IG SPRING” is located in Schoolcraft County, Michigan, on 
JO tho west Bide of Indian Lake about eight miles in a north¬ 
westerly direction from tho city of Mamsciqiie It is reached by 
means of a good gra\el n>ad (M"149) mtersectmg U S -2 at a point 
approximately eight miles west of Manistique and running north 
and east for about four and ono-half miles to the site of the spring 
In 1929 the Palma Book Land Company of Detroit deeded to tho 
state the 40 acres upon which the spnng is located, together with an 
adjoimng lot comprising 49 40 acres The indenture provides that 
this grant is ‘Ho be forever used only as a public park bearing the 
name Palms Book btate Park ” Additional descriptions adjacent to 
this gift, deeded to the state through tax delinquency, amount to 
327 40 acres, bnngmg the total acreage of state-owned land sur¬ 
rounding the spnng to 417 30 acres, with a frontage of 3,000 feet on 
Indian Lake 

Big Spnng (see PI XCIV) is a roughly oval poid, the surface 
dimensions of which are stated to be 300 by 175 feet The sides of the 
depression slope abruptly to a depth of 40 feet, where the water enters 
under strong hydrostatic pressure, roiling the sandy bottom so much 
that a pronounced boiling effect plainly visible from the surface is 
obtained The spnng has a scenic location at the edge of a oonifereus 
swamp, with the verdant growth adding much to tho charm and 
beauty of the surroundings The water is of an unusual emerald 
green, due probably to the luxunant growth of aquatic vegetation 
clothing the sides of the pool and drapmg tho submerged trunks of 
fallen trees 

According to legend, the Indians named the spring Kitchitikipi, 
in memory of the yoimg chieftain of that name who went to his d^th 
m the icy waters in an attempt to satisfy the vain caprice of his 
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ladyJo\e, who msistecl as a test of de\olu>n that he cat<h her as she 
jumped into the canoe from an overhanging bough Indian lore 
naturally held the “great spring” to be a manifestation of the power 
of “Gitchi-ManitoUj” the “Great Spmt,” who cause-d the crystal 
waters to well up from unknown depths 

Old residenN tell one that the source of Big Spnng is Lake Su¬ 
perior, but, since the spring lies at a higher elevation than the groat 
lake to the north, this theory is obviously not m accord with natural 
observe<l phenomena, nor la it necessary to assurnt such a vast 
reservoir as Lake Superior in a search for the ultimate source of this 
scemc wonder The great swamp of the Mamstuiue River (Seney 
Swamp) and the numerous lakes m the Hiawatha National Forest 
region furnish U) the underground drainage sufficient quantities of 
water under ample hydrostatic pressure to form any number of 
springs similar in character to Big Spnng Many lakes in north¬ 
western Schoolcraft Gounty and in adjoining parts of Alger and 
Delta counties have no surface outlet, but contribute their surpluses 
to the subsurface flow 

In the fall of 1932 a water well was dnllod m the Palms-Book 
State Park about one hundred feet northwest of the spnng Ihis 
well was put down beoause of an unsatisfactory test of the water of the 
spnng for dnnlung purposes I^ter it was found that the spnng had 
been sampled at the edge, where it was exposed to contamination 
Subsequent testa taken from the center of the pool proved that pure 
dnnkmg water could hav e been obtained by piping from the deeper 
parts 

The driller's log and samples furnished by Richard Kiney, well 
contractor, unparted valuable information regarding the character 
of the formations penetrated by the dnll From the surface to a 
depth of 29 feet soft clay was encountered, below this 8 feet of hard- 
pan consisting of a mixture of gravel, sand, and clay was reported, 
followed by 10| feet of quicksand and hardpan, with fine sand and 
gravel at a depth of 55 feet 8 inches At this depth the water enters 
very freely and rises to a height of 48 feet in the pipe When exami¬ 
nation of the well samples and kg showed the water m the well to 
come from a bed of sand and gravel at a depth of 55 feet 8 inches, it 
was considered probable that the water forming the spnng is denv od 
from the glacuil dnft and that it comes down under the thick lake 
clays known to underhe the Seney Swamp The record of the well, 
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which gives 29 feet of clay at the surface, would lend support to such 
a theory 

Ihe depth at which water was encounterefl m the well and the 
amount of head present suggest that the well taps the same stream 
of water that forms the spring Chemical analyses of samples from 
both the wtl! and the spnng confirm this suggestion, since the 
characteristic feature of both samples is the presenee of reUtively 
large amounts of calcium sulphate The sample from the well con¬ 
tained 1,180 parts per million of SO 4 , and the sample from the 
spring showed a sulphate content of 532 parts per million Tins large 
discrepancy in amount of sulphate was at first puzzling, since w iters 
obtained from the same source at so close an interv al should be \ ery 
nearly similar I'his difference is, however, logically explained by 
the fact that the spring sample was obtained near the edge of the 
pool, where the normal waters ansing from the bottom are diluted 
by the soft water draining into the spnng from the surrounding 
swamp Mr John Hepler of the Michigan Depirtmcnt of Health 
suggests that there may be stratification of water m the pool, owing 
to variation in specific gravity 

Results of analyses of water from the spnng and from the well 
at the pavilion are even more striking when compared with those 
of waters from other sources Sixteen samples collected by S G 
Bergipust, from Michigan State College, from as man> different lakts, 
streams, and nvers in various ports of Schoolcraft County, indicate 
a maximum sulphate concentration 56 8 parts per million at the 
south end of Indian Lake, but the average sulphate content of these 
samples was only 17 8 parts per million (Table I) Similarly, nine 
samples from wells drawing their water from the glacial drift gave 
a maximum SO 4 content of 54 parts per million and an average of 
16 5 part/S per million (Table II) Shallow waters in the Niagaraii 
limestones were not greatly dissimilar, seven samples had an average 
SO 4 content of only 8 3 parts per million (Table II, Anal 11-17) 

In the city of Mamstique there are many flowing wells which 
form the onginal water supply of the city, th( depths / f which 
mdicate that the water probably comes from the lower part of the 
Niagaran Senes The sulphate content of these wells vanes from 
425 to 480 parts per million (Table II, Anal 18-20) One deep well 
at Whitedale showed 870 parts per milhon (fable II, Anal 21) 

A well 117 feet deep in Blaney Park encountered the following 
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TABLE I 

Analtskh or RtvER, Lake ano Rpiuno Watkh* in Sriiooi>riiArT Countt • 
(S&mplet collepied by 8 O Borgquirt) 


Source of umplo 






Cl 

SO, 

HCOi 

Total 

aolida 

Hard 
neee aa 

CaCOi 

Big Spring 

17 0 


2J05 

21 0 

34 

66 

532 0 

130 0 

878 

700 

Driggs Lake 

24 

021 

240 

56 

Tr 

40 

40 

80 5 

88 

80 

Drigga River 

56 

0 74 

19 5 

50 

50 

40 

49 

85 0 

82 

70 

Fox River, Wwt 
Branch at Sedey 

04 

1 02 

16 5 

45 

43 

40 

72 

72 0 

78 

60 

Gulliver t aka 

88 


30 0 

13 8 

3 2 

40 

10 5 

140 5 

154 

130 

Indian Lake, South 
End 

16 2 

Tr 

47 0 

10 0 

23 

30 

668 

122 0 

214 

168 

Indian River at M-94 

88 

Tr 

45 0 

03 

4 1 

36 

560 

118 0 

188 

150 

Indian River, Sec 34 
T 44N R 17W 

12 8 


27 0 

7 1 

67 

40 

05 

1H5 

124 

95 

Intake Park 

72 

0 31 

410 

82 

Tr 

4 0 

43 2 

107 0 

162 

135 

Lake Michigan 

50 


335 

11 2 

80 

50 

15 1 

136 0 

154 

130 

MamatiQUe River Sec 
34T 4AN R 13W 

80 

034 

280 

66 

89 

40 

250 

93 5 

134 

100 

McDonald Lake 

48 

0 23 

290 

11 9 

Tr 

40 

16 8 

123 0 

133 

120 

Murphy River 

7 2 


27 0 

82 

27 

30 

14 8 

107 5 

116 

100 

Hoaa Lake 

40 

0 45 

18 5 

52 

Tr 

40 

40 

72 5 

76 

68 

Smith Lake 

40 

034 

50 

15 

43 

40 

65 

200 

36 

18 

Thompaon Spring 

64 


215 

13 8 

96 

40 

59 

125 6 

133 

no 

Thundw Lake 

40 


215 

73 

76 

40 

88 

99 0 

106 

82 


* Analyaea by MIm Alice Exworthy Miohlcan Department of Health 

materials sand, 15 feet, hardpan, 35 feet, clay, 10 feet, limestone, 
20 feet, **black rock," 10 feet, and blue i^ale, 25 feet 

Analynis of this water indicates a sulphate content of 1,368 parts 
per milhon (Table II, Anal 22), and the water is said to come from 
the shale Since the Niagaran of the Upper Pemnsula is entirely 
devoid of even thin shale beds, it is probable that the shale corre¬ 
sponds to that logged as Cataract in the record of the well drilled for 
oil at Seul Choix Point The drill cuttings at this depth are shale 
and shaly dolomite, which contain abundant calcium sulphate in 
the form of brownish anhydrite It is not impossible, however, that 
the shale in the well at Blaney marks the top of the Ordovician, which, 
as shown by the samples of the Soul Choix well, contain even more 
abundant reddish gypsum and anhydrite 

The marked difference in mineiil composition of the samples ob¬ 
tained from the Big Spring and the adjacent well and of those 
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(Parts prr milium) 
Drift ftatcrg 


Aual 

ymu 

SiO, 

Kf jfOj 

Ca 

Mg 

NafK 

U 

SO, 

HCO, 

Total 

HoUib 

Hard- 
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♦ AnalysftB by Misa Alice Fxw orthj, Michigan Department of Health 


obtained from surface waters, drift wells, and shallow rock wells, as 
opposed to the similarity of the State Park waters to those of the 
deeper formations, suggests that Big Spring may have its source 
of supply at or very near the base of the Niagaran, if not in Cata¬ 
ract or Ordovician strata The Lower Niagaran strata could, p 9 s- 
iribly, obtain a sulphate content through waters circulating at the 
base of the senes in contact with Cataract strata No gyjwsum or 
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other sulphates are present m the Niagaran section from the well at 
Seul C hoix, nor can any be observ cd in a set of samples from one of 
the old water wells at Manistique 

An argument against the Lower Niagaran rocks as a source of 
supply for Big Spring is the fact that no flowing wells are found 
in Niagaran strata outside the area covered by the outcrop of the 
Mamstique formation, although numerous flows in this belt extend 
across Schoolcraft County from Hunt Spur m Mackinac County to 
the village of Ihompson 

It appears that the dense, platy, and cherty dolomite of the 
Manistique formation may act as the confimng cap rock for the 
Lower Niagaran aquifer, and, furthermore, it is probable that there 
IS a loss of head in passing northward toward the Niagaran escarp¬ 
ment, since the surface elevation increases about one hundred feet 
and the lower bods of the Niagaran arc truncated by tht great 
preglacial valley to the north, probably at a considerably lower 
elev ation On the other hand, the Cataract and Cincinnatian rocks 
forming belts to the northward and underlying a continually rising 
surf SCO undoubtedly have the requisite artesian conditions, as is 
proved by the well at Blaney 

Aerial photographs show a clust>er of six or more sharply dehnod 
depressions about one mile south of Big Spring The^e have not 
been visited on the ground, but their appearance under the stere¬ 
oscope IS very similar to that of many of the sink holes of Presque 
Isle County 

It IS probable that the glacial dnft at Big Spnng is not much 
thicker than the 55 feet 8 inches penetrated by the well A well 
drilled on the shore of Indian Lake about three and one-half miles 
southeast of the spring found bedrock at 70 feet, and a well about 
two and one-half miles southwest encountered rock at 20 feet 
Scott * reports an outcrop of limestone about one mile north of the 
south end of Indian Lake, but at Parker^s resort at the south end of 
the lake it is 103 feet to rock 

It has been suggested by several geologists that the spring was 
formed os a result of a cave or fault m the underlying limestone 
formations In view of the fact that there are no pure limestones in 
the lower part of the Niagaran or m the formations below the Ni- 

^ Scott, I D , ItUarul Udm of Muditgan, Mich Qcol and Bud Sum , Publ 30, 
p m 
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agaran, it is possible that oa\c-ins may have resulted from the solution 
of beds of Kvpsum m Cataract and Cincinnatian strata felumping 
of the overlying strata would then form an a\cnuc of tasy and rapid 
passage of the calcium sulphate waters rising under hv<lro8(atic 
pressure, with the shales at the top of the Cataract formation con¬ 
stituting the cap rock to complete the requisite artesian conditions 

Michigan Geological Sukvey 
liANsmo, Michigan 




GEOLOGY OF THE HART OIL FIELD 

C HAROLD RIGOH 

T HK Hart Oil liold m a small producing area mar the center 
of Ocjeana County about tturty miles north of Muskegon, 
Michigan Though the field is not of great comrm rcial importanre, 
some of its features arc of geological intcrc st Oil occurs in dolomitic 
cavities near the top of the Traverse limestone Accumulation is 
due primarily to differences of pcrviousness in the rtsirvoir rock 
and, to a lesser extent, to small structures 

HISTORY AND DEVELOPMENT 

The first well was drilled m August, 1932, bv hd\vard DuVall 
on the Oscar Wcinch property m the NL i of fefc { of Section 31, 
T 15 N , R 16 W Oil was encountered in the top of the Tra\ erst 
limestone at approximately 1,900 feet The oil filled up rapidly 
in the hole and flowed into tanks under considerable pressure 
When shut m, the well showed a pressure of 50 pounds to the square 
inch at the casing head 

During the next few days the well flowed by heads, making from 
40 to 80 barrels of oil at each flow flu Napth-hol Refining C ompany 
of Muskegon agreed to purchase the oil A total of 329 barreltj was 
produced before the well was shut down because of legal difficulties 
over the title of the propc rty 

Excitement ovc r a new oil discovery ran high iii Hart and Muske¬ 
gon, and leasing costs were more than later developments warranted 
However, the next two ivdls drilled northwest and southeast of the 
Weinch well encountered wafer and no oil in the Traverse Hnifstoiic 
The firat of these wells, the A S Cochran Hannum No 1, was 
dnlled to the Dundee,” when water was encountered at 2,407 feet 
and the well was abandoned 

In March, 1933, Flanigan and Voorhees started a well on th* 
E Mitchell property in the 8E J of SE } of Section 36, T 15 N , 
R 17 W , one mile west of the discovery well ‘*Pay sands” weit 
encounter^ in the Traverse limestone from 1,904 to 1,907 feet, and 
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oil filled up 1,500 feet iii the hole The well was tr( ated with Dowell 
at id and protluted approximately 25 barn Is of oil daily A stcond 
acid treatment failed to inertase production (Fig 28) 

Meanwhile the Oscar Wtirich well had been noptrud It was 
found that there was 1,100 ftet of salt water m thf Ixittom of the 
hole, with heavy \iscous oil on top Whtn this water was bailul 
down to 800 ft et the well made a small flow of oil After each flow 
tht wattr would fill up m the bottom of the hole and the well could 
be made to flow only by ketping the water bailed down The well 
was put to pumping soon afterward It has since made a little oil 
and much water 

In July, 1933, the E Mitchell well was treated with acid for the 
third tune When reopened it flowed aiul soon filled all a\ailable 
atoragt A week lattr, when more tanks had been mstalUd, it pro- 
due* d 711 barrels of oil on a 24-hour test Di velopment has proceeded 
rapidly since then and at the present tunc (March 1, 1934) then 
are 14 producing welU, 8 dry holes, and 5 uncompleted wells in tht 
gent ral area 


STnATIGRAPUy 

The surface formations at the Hart Field are glacial moraine 
and outwaah plain The moraine tends northwest to southeast 
through the western part of the Add Surface elevations vary from 
860 feet above sea le\el on top of the moraine to 710 feet on the 
comparatu ely fiat outwash plam The glacial drift is from 400 to 
500 feet thick and consists of alternating layers of clay, sand, and 
gra\el The wells drilled around the base of the moraine encounter 
artesian water in the top of the second sand layer Evidently this 
sand layt r has a connection with surface wati rs to provide a head 
somewhere m the moraine Clay underlying the sandy outwaah 
plam forms a seal above the water-bearing horison 

Ihe field lies almost wholly within the belt of Marshall out¬ 
crop, but close to the contact with the Grand Rapids series to the 
southeast One well drilled m the southeastern part of the area 
encountered dght fwt of shale and gyjisum, presumably of the 
Grand Rapids scries The Napoleon sandstone m this well is thinner 
than m other wells to the west, and the occurrence of the Grand 
Rapids senes here may be due to Us deposition m a channel of 
erosion in the lop of the Upper Marshall formation 
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The Napoleon sandwtom w comiM)8(d of imdmm to fiiu hfrhi 
gray sandstoiu, with an oeca&ional tad of gra> shah IhickrieHS 
vanes from 50 to 85 ft( t, mcreasing to the southciust m the din ctum 
of regional dip The sandstone »« abnormally thick m the south¬ 
western corner of the ana, where hills probably stood out ni the 
prtglacial land surface 

The Lower Marshall foimation is comjwscd of fint dark nd 
sandstone and sandy shah Uie absence of some of the lowc r Uds 
in the w<stern pait of the area suggests an overlap with deposition 
on an irregular land suiface Thickness varas fioni 40 t<j 70 feet 
The Cold water formation consists of light giay shales and argil¬ 
laceous lime stones About 250 feet below the top of the foimation 
IS a calcan ous zoiu with l>cds of argillaceous lime stoiu grading 
laterally and vertically into shale Ijocally these limestemcs arc 
dolomitic or contain gypsum trom 500 to 550 feet bc-'ow the top 
of the formation there is another calcareous zone The top of this 
zone 18 marked by a thin bed of red calcareous shale called “Hed 
Rock ** Be low the top bed oe cui sev e ral layers af re ddish lunej^tone 
The shales below these limestones have been termeel '‘Flls- 
worth ” ^ They do not diflfer much from those abo\ e, but grade 
downward into shale of a more greenish cast Ihere have b^en 
sandstone layers encountered in different wells throughout the area 
Locally these sandstones are called Berea," although they are 
evidently sandstone lenses in the shale and may re pie sent reworked 
Berea material The interval between these sandstone layers and 
known horizons vanes greatly, and it is probable that they are not 
the same bed, but occupy different stratigraphic positions A dolo¬ 
mitic sandstone from the southeastern part of the field is ve ry dense 
and fme grained and contains small eluantities of oil 

Interpretation of well logs may indicate an e rosional unconformdy 
separating the Antrim from the overlying dark shales It is possible 
that irregularities in thickness may lx* due to lateial gradation at 
the base of the Lllsworth Ihe upper part of the Antrim is soft, 
light brown shalo, the lower part is dark brown to black mid is more 
calcareous The base of the Antrim Is marked by a slight uncon¬ 
formity Pynte concretions near the base of the Antrim may havt 
been a residual deposit from weathering of Traverse shales 

‘ Kewoombe, Robert B , Oxl and Qat Fteldt o/ Afvektgan, Geol Surv Mwh , 
Publ 38, Oeol 9er 32 
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The top of the Traverse formation is a gray shale contaming 
oonsidcrablo pynte The shale becomes more calcareous with depth, 
grading Into limestone from 40 to 80 feet below the top of the forma¬ 
tion Fore spaces m the top of the limestone contain oil above low 
folds and water on their flanks From 40 to 50 feet below the top 
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of tho limestone there is u water-boanng zone, which probably cor¬ 
responds more nearly with Upper Travtrse pay horizons elsewhere 
in western Michigan 

STRCCTUKi. 


The Hart Oil hield is located ru ar the western run of tht Michigan 
Basin where the rocks dip southeast twenty to thirty feet ptr mile 
It lies at the head of a broad synclinc bt twts n a pronounced fold to 



the northeast and a suggestion of a fold m tht southern part of 
Oceana County (Map 19) 

Detailed structure contour maps of the field show two Impoitant 
features a modified nose t< nding NW -SK and smaller echelon 
folds with axial directions N 36® W (Maps 40-42) There is some 
evidence to indicate I hat tht nose may have been form< d prior to 
Marshall deposition Ihn (Mdence is liskd as follows 

1 Total thickness of the Ix>wer Msrehftil U lew ovet the nose and increases 
o^^^tructure, 

2 Lowar beds of the Marshall are absent on lop and west of the fold (ovi 
dently some topographio feature acted os a temporary barrier to westward 
moroaohing BeM)i 
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3 Structure on the top of the lo»< r Marshall formation iloes not correHimniJ 
to noee Structure of Wm fir l)Ld8, 

4 A no8e IS shown when tht structure on top of the l^iwer Marshall is suh- 
tractocl from that of tlie lowtr beds tstrutturo of th< lower bwls would induate 
( eformation due to l>olh ;>enods of folUinK whereas structure on ttjp of the 
Lower MarsliaU would show only foldmt? of the later period) 

lhat this folding? of tJu nosi may hi due to diffemitul mttlmg 
over deej) folds or (oral lu f w suggtsti d by a thickening olT-»tiuUurt 
of the' upptr pail of the ( oldwitcr foimation 



The axia! directions of tchtlou folds shown by cont-ours on the 
lower formations coi respond m gimral with the folds of the Marshall 
formation These folds wire probably caustd by posUMartdiall 
movements efftctivt ovtr most of Lowtr Michigan 

RrSLUMMR (ONOmONS 

Though the nose and the small folds soern to govern the local 
distribution of oil, Ihtir mzi and ixtent do not appear to be sufficient 
to have been the primary cause of accumulation Rather it la more 





492 


C Harold Rtggs 


probable that up-dip migration of oil abo\e salt water was halted 
by a lack of perviousness m the reservoir rock Wells show a de¬ 
crease m the amount of pervumsness and thickness of pay from east 
to west across the area (Map 42) Tht limit of the area of no effec¬ 
tive porosity to the west of the producing area is rather indefinite 



Fio 27 Section to illustrate nature of dolomitic cavities 


owing to lack of information Its existence is mdicaU d by a thinning 
of pay to the west and by the absence of pay m a well drilled one mile 
west of the field 

The thickness of the porous sone containing oil seems to vary 
with the propoition of dolomite to hmestone in the section The 
pore spaces and small cavities are probably related to the formation 
of the dolomite In a section along the line (Map 42) the thick¬ 
ness of dolomite and the thickness of pay increases abov e the struc¬ 
ture, but this relationship does not exist throughout the area Map 43 
shows the area of no effective porosity up on the side of the structure 
Wells off structure east of the field mdicate an increase rather than 
a decrease in perviousness, and water fills up rapidly m the hole 
The dolomite seems to be concentrated near the top of the Traverse 
limestone and porosity in the lower water-beanng zone is evidently 
not due to dolomitization There is no evidence to indicate that the 
dolomite is interbedded with the limestone It probably exists as 
nests, chimneys, or zone^ in the limestone 

Figure 27 illustrates the author’s conception of the nature of 
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these dolomitic cavitus No cores of th( pay have been takdi, and 
our knowledge, based onl> on dull cuttings, must neitssarily be very 
incomplete It is probable tlml thtse ca\ities art not very large, 
although th( larger lavitus and crystals would be biokin up by the 
dnll J>rill-cuttmgs show rhombohtdrHi crystals of dolomite lining 
the op< ni ngs Rarely these t a\ it k s an hni d wit h black i arbonaceous 
material Sometimes they art pai tly or corajili U ly filh d with crystals 
of secondary calcite CVyntals of pvnte art associated with the 
secondary ealciU bomt turns Iht cavitus an paitly filkd with sand 
and other clastic mattnal Back from tin (dg< of thr ojw rungs the 
material is coarsrly trystallmt dolomiU Samples frfun just above 
and just btlow a dolornitit ^onc rcvial slurp rboinlMilu droiih of 
dolomite m dr um* limcstom No fossiN have U in found m the imu - 
stone or dolomite It is assumed that these eavitus m more or hss 
connectnJ and form the rrservoii in which oil has accumuJattcl 
Probably tlu greatest < ffr ct of acid tre atnu nt is to ri mov e the second¬ 
ary calcite and to op( n t haniu is hr twr (n ca\ itu s 

It would serin probabh thit this nutenal ww deposited as 
calcium carbonate with a small amount of magmsiuni taibonaU 
The overlying shales and undoloniitized hmestoius hr low contain 
varying amounts of rnagiusium Txaching of calcium caiboiiate by 
downward-moving acidic wains would iiirreasr the proportion of 
magnesium carbonatt to a point at which dolomite could bo pre¬ 
cipitated Worm trails or lavities 1< ft by tlu solution of shells by 
organic aculs may have jirovidtd tht avenius of migration Thr 
absence of foasils in the liratstom as compared with the overlying 
shale could be explained more easily by thnr subsequent sohition 
than by a supposition that the fauna did not exist during limestone 
dr position, but suddenly appeared with thr argillaceous sediments 
The leaching of calcium caibonate would enlarge preexisting avr nues 
of migration Smalhr, disconnect d openings may be due to th^ 
deorr^ase m volume accompanying doloniitization It may be assumt d 
that dolomitiwition would commence at the openings and work out¬ 
ward The extent of this action would thru depend primarily upon 
the perviousness of thr migmal material It has b<»rn noted that 
the limestone associated with the rioloinitc la less drnse than un- 
dolomitizcd portions C'alcium carbonate removed by leaching 
would be earned downward into preformed cavities and dr posited 
as secondary oaiciU* Close association of secondary calcite and 
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secondary pyrite would see m to indicate that they were precipitated 
from the same solution under similar conditions It is supposed that 
leaching commenced while th< material was still unconsolidated on 
the sea bottom fhf conctntration of dolomite near the top of 
the Traverse linnston* and its association elsewhere with gypsum 
or anhydrite suggest that the original dolonutization took placi in 
shallow watir where deposition was irregular Later concentration 
of dolomite may ha\ e oci urred during elevation and (rosion 

drilling and producing PRACTItLS 

Drilling in the Hart Oil Field is done with either standard ngs 
or drilling machmt s Drilling time varies from twenty to forty days 
The common practice is to drill one well to lach ten acres m the 
proved area, but this practice is not always followed The thick 
drift (400 to 500 ftet) makes the driving of pipe difficult Some wells 
drilled on the moraine haic encountered boulders, necessitating 
skidding of tk rig Ten-inch drive pipe is landed on top of the 
Marshall formation to shut out fresh water and caving sands 
Brackish mineral water is encountered in the Marshall formation 
and 18 shut out of the wells with eight and one-quarter inch casing 
set in the top of the Coldwater shale Six and five-eighths casing is 
usually set in the calcareous shahs above the Traverse limc^stone to 
prtv {nt caving from above 

A few wells have flowed by natural pressure when drilled into 
the pay formation near the top of the limestone The volume of gas 
in the wells is small, and it would seem that water pressure behind 
the oil IS the greatest force causmg the wells to flow With low 
perviousness and without unifonn porosity it is assumed that the 
wells nearest the od-water contact would show the greatest pressure 
Production records of two edge wells tend to verify this assumption 

lubing IS usually set on packer above the pay horison and the 
wells are treated with 1,000 gallons of Dowell acid Because of the 
tight pay considerable pressure is required to force the acid back 
into the formation, where it will open channels between cavities 
Sometimes two or three attempts are made before the well is succe^ 
fully treated The acid treatments increase production from 10 to 
over 1,000 per cent (Fig 28) Dnlhng and treating costs average 
close to $5,000 00 a well 

After acid treatment the wells are usually swabbed and cleaned 
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out to removf m'^olublt residues They are put to pumping soon 
afterward \Vh( m vrr possibli wells are pumped from c( ntral powers 
to redvxcc lifting cokIh 

When the field was optned the wells were productd nearly to 
capacity v,\ih Uttle back pressurt Ihe oil from thi Hart tield 
contains a large perctntage of gasolme, but httk kerosene, and a 
large peictntagt of heavy oils Ihe rtduction in pressure at iht 
well permitUd escape of the volatile constituents and caustd pre- 
cipitatum of paraffin m tubing and casing It is now nocesaaiy to 
rtmovt this paraffin pt notlically by mechanical or chemical means 
and at considtrable exp< nse Reduction m pressures at the W( 11- 
heads also caused (ncroachrncnt of edge watt r All wells now product 
Romt watei In most eases this water may bt drained off, but in 
soint eases the oil must bt steamed or treated with chemicals Lift¬ 
ing tests vary from 20 to 3*5 cents per barn I, with an average close 
to 30 tints ptr barrel Tht Napth-Sol lit fining Company and the 
Old Dutch H( fining C ompany, both of Muskegon, purchase the oil 

tSUMATJCS OF TOTAL I’RODUCTIOK 

Map 43 shows tht probable producing area of the Hart Oil Field 
Ihtre IS evidtntly only a small area of thirty-fivt or forty acres 
surrounding the original wtll The larger area to the west may 
ai)pr(>\imatc two hundred and fifty acres 

Iht variable nature of the reservoir rock in the Hart Oil Field 
would make it impossible to estimate recovery on the basis of volume 
content Production records from Up})er Traverse wills m the 
Muskegon Oil l*wld indicate an average yield close to 1,000 barrels 
per acre h igurt 28, Curve il, shows the barrels r acre recovery 
from the Flanigan Mitchell No 1 Curve C on the same figure 
shows the barrels per aert recovery from the entire Mitchell lease — 
five wtlls on fifty acres These and other production records, which 
are now available on the Hart Oil J'leld, would not tend to intreasc 
rocovt ry (stimates beyond 1,000 barrels per acre The total produc¬ 
tion of the Hart Oil Field will probably not exceed 300,000 barrels 
To February 1, 1934, the field had produced approximately 52,000 
barrels of oil or an average of 400 barrels per acre from the 176 acres 
drilled and producing 

Statf Dspartmbnt ok Covservatios 

Muskeoon, Michioam 



ISICOLAS LEN(;LEr DU FREhNO\ IN 
THE LOW ('OUXTRIES, 1721 

AN lNM)irFD LHX UAIl^M FROM IHl AKdIUfS 
1)1 S AMAIHIS nRAN(if Hl^ 

MANSON MllNER HRU N 

T HK Abbe Nicolis du Iresnoj trip (hiough tiit low 

Countries in the fall of 1721 his reinumd hii hiitus lu the 
records of his adventurous (xistcnco lbs fir^t l)ioKni])htrs pric- 
tically ovtrlooked Iht event, and in sueoecdiiii; vnirs veiv little 
pertinent infonnution his Ixen disclostsl Recent disfovuy by thi 
present wntcr m the 1 rrnch Archives des Affaires f traiiji;t^res of threi 
medited m Dnglet s own hamiwntinij, promises to throw 

more light on the matter Henct this article has as its rai\on d itre 
a review of the early material, and by Iht presentation of niw docu¬ 
mentary evidence, a dehnitt account of thf jounuy 

J H Michault, who first txaimmd thoroughly Lengltl’s larter, 
neglected that Abbi’s varied expcncnrcH m Handers, pirtuulaily 
those of 1721 Iht iaograplicr waa content with these vagut words 
‘"loujours act if ct laboncux, bAbW 1 engirt avoit st,u t mploycr son 
terns pendant le s^jour tjuil fit cn Hollandt ct en Allemagnc 
Michault's statement plainly diacloacs that he knew nothing tangible 
about Longlet’s tiavcis Indeed, the few lints wei-o intendetl only us 
a prelude to a diHcussion of his stay in Vienna, and offered no facts 
about the purpose, time, route, or extent of his excursion 

It was not until 1829 that more precise knowledge was forth¬ 
coming Then Dolort in editing several documents relative to 1 ti' 
glefc'eimpnsonment? devoted the following transition paragraph to his 
tour ^‘Dans une lettre autographe, dat^ de Septombre 1721, qui 
m^a Ct6 confit'e, et qm se rattache a mon sujet, on voit qu’il [Lx’ngiet] 
pnt la resolution de partir par la route de Lille, Bruxelles et Cologne, 

I Michault, J B , M^n&ires fmr mmr d I histoire delatftf ei dev oumge^ dt 
I abb4 Lenglei du J'resnny (Pans and London, 1761), p J5 
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pour se rendre k Vienne en Autnche, et y implorer la protection du 
vortuoux emporeur C^'harles VI, et le supplier, par la in<5diation du 
Pnnce Eugene de Savoie, chef de sos conacils, de prendre les mcsurcs 
convonables ponr meitre paretUement d convert la personne de Sa Ma* 
jesU 8ur laqn^lle de justes alarmes avoterU redoubU, * auqucl voyage 

11 depcnsa la somme de huit mille livres, que ledit Abb^ a\ait 
amasses par scs ^pargnes ” * 

Unfortunately Delort did not print the whole letter, which is now 
apparently lost It would have been of inestimable value in checking 
IvCnglet's divergent statements, especially in political affairs As it 
IS, we are obliged to accept this account of his trip upon Delort's 
authority which, save m two instances, is m substantial agreement 
with the Memoires written by Lenglet himself 

They were occasioned by Lenglet's arrest at Strasbourg upon his 
return from \ lenna Since he was suspected by (^ardinal Dubois of 
l>eing a party to an mtngue, the lieutenants of Count du Bourg, 
commander at Strasbourg, took Lenglet into custody on May 13, 
1722 The Abb^ was immediately placed m solitary confinement and 
questione<i minutely upon his business m Austria* The situation 
remained unchanged for almost two months 

finally the impatient Cardinal drew up a list of twenty-one 
questions which he desired answered, and forwarded it to Du Bourg 
On the sixteenth of July the latter held a two-hour conference with 
Abb^ Lenglet, about which the Count reported *‘Je Im ai fait 
prendre par 6cnt et lui ai dict6 les articles du m^moire qui accom- 
pagnait la lettre de V Fm II trav aille actuellement 4 y r^pondre 
amplement, d^s que cet ouvrage sera en ^tat, j^aurai I’honneur de 
V ous Tadresser* Such was the origin of these hitherto unexanuned 
documents that yield much enlightenment on several obscure periods 
in his life 

Lenglet must have applied himself diligently, for his detailed 
answers required over seventy pages of manuscript, completely fin- 

* The italics are Dolort'ti and presumably represent a quotation from Lenglet's 
letter 

* Delori, Joseph, Httloirt de la dSleniwn dee phtlotophee (Fans, 1829), 2 72 

* hor a more detailed account of thU arrest see Brien, Manson Milner, 

** Lenglet du Freenoy a Biography,** Pap Mteh Acad Set , Arts and LeUere^ 
1811982) 463 465 1933 

* Ravaisson, Francois, Archives de la Bostdir, doCummU tnSdUe (Pans, 1881), 

12 99 Count du Bourg to Oudmal Dubois, July 16, 1722 
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ished by July twentieth In rtpl> to the twenty-()ne quenen he 
composed three articles,* two of which wire mcessitited by the 
twelfth question “Fmrc un Ftat aujusie de tout ee qu’il a entemJu 
dire ou remarqu^ a Vienne et duns ks aufrch Ji <uk ou il a passf, sur 
los affaires de Th tat, de FFghse et ce qu’il a rerrmrqu(5 des Differens 
Caract^res de ceux qu’il a ou occasion de voir ” ’ ( ount flu Bourg, 
as good as his word, returned the documents t<i the ( animal He 
may have studied them, and having abstractcfi what mtercstid him 
he confided the remainder to the Ar<hives Aside from a b w rebr- 
enoes in the **Questions’* t-o the commencement of hts journey, it is 
the ’^first memoir'* which narrates wholly the cvints f>f his sojourn 
in the Low C ountnes 

The handwriting of this Premur M^nuirt is moderaUly large, 
bfiid, and flowing The linked words and the graceful oversiri <1 capi¬ 
tals immediately attract the eye i^SeeFl \( \ ) P>rtKularly notice¬ 
able are the long tads on / and p and the old-fashioned s Ix»ngl( I 
completed the letters (/, and y by an elongateii, uncbised loop 
upward to the left, but the loops on z turn to the right ami are fre¬ 
quently closed <2 IS (he only letter which he habitually brought to 
an abrupt end by a straight line The capital r*s are big ami generally 
extend below the line Ixnglet always employed the small script 
delta with the upper loop to the left, and an elongated upper loop Ui 
the nght on the capital E At the conclusion of a word f was usualh 
m a modem schoolboy's style, in most cases slightly larger than the 
preceding letters, and often the size of a capital As a rule, his 
numerals were carefully birmed When he used thorn to t mphasize 
a paragraph, a page, or an article, he unfaihnglv placefi a small 
aero above them on the right If can truthfully lie said that Ijcnglet's 
pages are both pleasing and legible 

Beside Du Bourg’s statonient that I^ngUt himself was actually 
engaged upon these the handwriting of the manuscript 

provides an indubitable witness that it comes from the Abi^t^’s 
personal lyen These pages and an analysis of Lenglet's wrding, 
made m 1751 by two government experts at the request of Police 

• They are wvlitleti 1 Qwrtlwnfi faitfn A VnhM du Fresnvy avee i 

r du MO JutlUl UM I f Frrmi**r memmre dont \l etd ;wrk cy de$su8 fV> 

lU Second memmre HotU H pnrU ry deseue »• VJI arr found in thr \r 
chlvM dfts Affaires Ptrang^reR Corrcspondance pohtique, Autrichc 140 30^"340 
(Hereafter cited a« A A F , foUowwi by page number) 

» A A E, p 338v 
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Lieulonant d'HAncry,* possosH HO\eral trails m common In bolh 
we note I englet’s practict of linking Ills words together fhtre arc 
the same long, oversizeil t’s, and the same larj^c final e's The 
small zeros, likewise, weie habituallv found iifler the nuirurals With¬ 
out question, Abhi^ I^engh t composed and wrote m his own hand 
these tliree W/nwres 

Little did Linglet dream, ah he umtemplatcd a joumc> to \ itnna 
by way of the Low ( ounfnes, that ho would be obligtd to give an 
official account of his tra\< Is Conaeiiuently he may have acted and 
written with a frtcdrmi not evident in a report composed when his 
liberty wa« at stake He informed Dubois that the trip to Viinna 
was undertaken uniqucment pour obtemr de \I le Pnnee iMig^ne 
do Savoye un des e^vnonicats vacant^ en Regale dans I’Lglise de 
Tournay ” ® Since 1710, when he hid failed to secure a benefict, 
Ivonglet had never ctased to envisage the possibility of future success 
ihis became more of a reality in 1719, when the Abbt' do ( haume, a 
canon of Lille, ind many other friends at lournai urged him to seek 
again the nomination 

Lenglef s domestic situation at this moment undoubtodly made 
the canonship appear all the more inviting At loose ends after his 
work dunng the C'ellamarc conspiracy,*^ he lived at his sister’s home, 
occupied by literary trifles and the attempt to procure some sort of 
pension or benefice which would assure his personal independence 

In 1720 he discussed the wisdom of this trip with Monsieur Dufay, 
a forimr captain of the Ouaids, who had become attached to the 
household of Cardinal do Rohan Dufay, though, dissuadeil the Abb^ 
from faking any action * About the same time fjonglet also confided 
lus hopes to Madame do la Barrc, his sister Unable to bear a 
separation, she broke down m tears** Thus Abb^ I^cnglet was 
p( rsuaded to remam in Paris dunng 1720 and six months of 1721 

As the summer drew to a close matters wore apparently reaching 
the breaking point Lenglet hnnself described the trouble **Mais 
sur la fin do 1721, il vit qu’il ne pouvoit rien obfenir, pas m6me un 

• Delort, op ctl f 2 94™% I/onglot was ths suspected author of an anony 
mous letter Tu confirm this idea hts writing was compared in detail with the 
incriminating document 

* A A h , p 306r The Regale was the right of a king or a titulary head 
to nominate the successor to a vacant benefice 

Ibid , p 305r & v « Brien, op ctf, pp 462-463 

» A A L,p 306v w IM,p 30^ 
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des canomcatfi de SoiHsons qiii ne valent que 700 ou 800*et (i’ailleurs, 
il se trouvoit i la charge de Bfm beau frdre, t he? qm il fut r61mt h la 
dure extrcmitt!^ de vivro de pain ef dVau pendant plus do tnns 
mois ** 

Yet Ijcnglet’s plight was not so ternble as it would first sttm 
Monsieur do la Barre was not inhuman lie had letind to his 
country place for the summer and wished to takf Lenglet with him 
But the Abb^ refused Ho was engagwl m some historical and 
political research for Monsieur Leblanc,*^ and ho had no desire to 
quit Pans The tlinfty brother-in-iaw, liowever, refused to main¬ 
tain two residences, so liOnglet, free to occupy the town house, had to 
shift for himself in the matter of f(M)d Angered at what he con¬ 
sidered unjust treatment, the Abbt resolved to be no longer dtjiendent 
upon his family He determined to seek the canonslup at Tournai 
without delay 

It Would seem that his decision was made very suddenly Ijen- 
glet hastily prepared to depart with great secrecy Ev (n wlu n ready 
to set out he did not mention his proposed journey to anyone, least 
of all to those who had dissuaded him m 1720 Nor did he bother to 
procure a passport He left Pans armed only with a permit from the 
Marquib de Torty, the minister, to be supplied with post horse^ to 
Lille 1 here he obtained a ticket for post horses to Mcnin At no 
instant was he required to produce any permission to leave the 
kingdom And now we may continue the story as Lenglet wrote it 
for Cardinal Dubois 


Premier Memoire ** 
dont il est parld cy dessus 12*^ 

Jc partis d( Pans vers La mi-Septembre 1721 Jc n^tai tjuinzc 
Jours a Lille, oCl j'achttai quelques hvns chez Lo S*^ Dam I Libraire, 
pnncipalemeut pour M Le Blanc, savoir un 13* volume d( s ocuvri s 
d*Aldrovandu8,*® dont j’ai eu pour ce miniatro le^ 12 premiers Vo- 

« Ibid 

“ LebUno, Claude (1669-1728), became Munster of War in 1718 When the 
Kegeni died, Leblanc wae aocueod of ihverting mihtary funds He was tried 
and acquitted and resumed his old post m 1726 

« A A E,p 306randv ” Ihid , pp 306v, 307r 

” The manuscript is reproduced exactly See note 15, above 

Ulyssc Aldtovandt (1522-1607), an Italian doctor and naturalist, who 
received the chair of botany at Bologna in 1660 
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umes In foho en Maroqiun Rouge J^ai achet^ de plus pour 
M Ijo Blanc quclques nianuscnts, qui soat La (Vmfert nee d'ardrt s 
entre fraagois I ct C hark“3 Qmnt, ct un autre Livre de negociation, 

L’hHtojrc dc La Viik dc ( tt (puhnuM autres, J’at fait alkr Lo 

tout a Pans dans son tfuips, ot Jc do^ols los rernettre dans la 
Bibhothoque dc ce mmistn it mon n tour 

C( tte Villf h (lUtkpK s Lt( If siaslKiues pr(^s est fort tranquille Sur 
Les inafuros dc Hfligmn 

Le pied bur Ltquel lea cspects aont aetuellcnunt en franct fait 
un 81 grand bien ettto villc et A toute La frontiere, quo Les com- 
mcr^ans tSeiount trts fachez qu'on cn diminuat la valcur, parce que 
cola emiKcheroit Its Suj<ta des Paysbas autnchiens d'y \emr faire 
les gro8 achats, qipils y font conlinuelleinent, A cause du pnx d( 

Targont Kt il y avoit alors plus de 60 Caaosses ou Berimes de 

Commando dans cette \ille jwur Bruxelles, Maliiu.*}, Anvers, Gaud 
et Bruges 

Au commencfment d’oetobre^ /arrival k bruxelks, oA je rcstai 
environ 15 jours J’y ^t^ndis 700 florins de change dcs mcdadles, que 
j'a\ois, ti Ijo dit argent m'a 8er\i dans mon voyage, n^ayant aucun 
autre fond en partant de Paris,® que ces medailks, et urn petite 
C'aissf do Livres dcs Mitions d’alde, C ollnes et gryjihe** tous Relic* 
en maroquin, que j’ai vendus 300 florins dc Change au S' antome 
Claudinot Libraire bur La ( anterstoen a Bruxelles 

(kimme ce fut M Le Prince de Rubempi 6** qui fit acheter mes 
medailles par un fran^ois, qiii (st Iritendant de M I^c Prince d'lstng- 
hien,** jkus Thonneur de le Saluer, et jo romarquai dans c© Seigneur 
un tres grand mecontentement du gouverneraent present dee P^ebae 
autrichiens, ct Ltant dans sa Bibliotheque, il ne fit pas dimcult^ 
do rotounifr I^e portrait dc Philippe V et de me dire que e'etoit 
toujours \k leur maitro I Is aimoroicnt beaucoup mieux etre A 

“ Ufltnr known as the ‘TieJd of the Cloth of Gold," where Francia I and 
Hftiry VITI held thi Ir famous interview l^englet'a error is glanng, but it might 
jwfwibly be exeuHod becauiie of the existing condition* According to Count <iu 
Bourg, he wn« slowly starving after hte attempted escape had failed Sec Ra- 
vaisson, op cU 12 99 Count du Bourg to CardmaJ Duboia, July 6, 1722 
•* Part of I/englet's work was to perfect I^eblano’s excellent library 
” Compare with Delort’s statement above 

** Aldo Manuslo, the Eldtr (1460 1616), the founder of a groat family of 
printfrs, who«( (xHtlons are called “Aldines " Ho was the first to make use of 
italics Simon de Colinos (1480 1546), an early French printer Ho marnod the 
widow of the famous Heiui Eiitii ime Sobastion Gryphe (1491“1666), a printer 
at Lyons w ho gamed renown because of hla Hebrew, Greek, and Latin texts 
He was the first to print the Garffan/ua and Pantagruel of Rabelam 

*• Pbihppe-Francois de Merode, Comte de Montfori, who married the only 
daughter of the last prince de Rubemprfi and assumed the tatter’s titles and arms 
“ I>ouis do GandviUam, Prince d’lacnghien (1678-1707), a son of the famous 
French marshal of the same title 

^ Philippe V (1683-1746), king of Spain and grandson of Louis XIV 
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^Espagr^^» i la franre ou un Pnnof* particulif^r, que dc he voir Sous 
Lea allemaiia La raiaon de I^ur mecontentcmentj qui lat g<iioral, 
vierit de trois causia 

I'* du 1 rait^ d< Barnere,^* qui I^es ruine, parc< qu ils sont obliges d( 
doiincr toua les ana plus 2400 mil Icura ('fopeces pour Lea ganiiaons 
hoilandowea Et (xs troupes prejudicunt fort A la Religion, par Lea 
predicana, quVlles entretunnent dans toutes Its Villos oO elles sont 
et perdtnt Lour commerce, faisant \enir du fond de La hoUandc 
tout ce qui devroit 6tre achet^ dana i< Paya 

2^ des deniande^a Continutllcs qu on Leur fait d'argent, sans qu'on 
lour montre I'einploy des dt mere deja ^ 

(3") frangous qui n^etoit pas ontendu do la pluspart des Deputesr 
ce que oe ministre a toujours constamment rcfusi chost qu’on 
regardoit comme unt fautt ijssuitulk k cause de I a Situation, ofi se 
trouve L'Etnpire dans La ('hut< prochaim di la miuson d'aulncho 
Et 8ur Le peu d'estime quM faisoit paroitrt h chaque momtnt, |>our 
une nation, qm etant osaei frere, veut i\\x\m TisturK pout (tn un 
peu plus (ju’Flle nc Vaut, il a rcceu plusu urs deboires, (pa 1 ont 
oblig6 de se rctiror On me dit cn m^me Umps, rpi on y avoit Laiss6 
un autre francois, mala homme fort infencur in toutes manitrcs, 
qui re 9 oit dea av ames continuellcs pour Ix*s discours si peu con\ ena¬ 
bles, qiPil tient de La Nation germanique, 1 1 d( tous Les deputt/ 
de I^a diette 

Je ccrtifie que tout ci que j'avancc dans ct pnstut mimoirt, eoinmc 
ayant \<1 dit ou fait est exactomtnt \rai et je me Souintla it telle 
peint quM plaira it Son Eminence m'unposer, si Ton trouve que j^iyi 
accuse faux pour JjOs choses que je cite d’oui dire, Ic rapporte Lts 
noms des pi^rsonnes par qui on pout dccouvnr la V £ nt4 fait a Stras¬ 
bourg oe ^ JuilJet 1722 

Lfnglft du fbesnoy Pretre Licentif dt Horboime 

Indeed Lenglet’s Af^mcnre completely agrees witli Oelort in all 
save two details, the purpose and the funds C oncenung the former 
it IS quite possible that Lenglet may have bad a <r«ck-bramed pobt- 
ical scheme m mmd He was not above such a maneuv er, witness his 
almost single-handed effort three years before to influence the Duo de 

*• The name given to two treaties of 1709 and 1715, which granW the States 
General the right to guard several cities In the Spanish L)W Countries against a 
Iposstble French invasion 

*• The manuscript breaks at thw point and two pages are apparently lost 
By his reference to the Diet we may presume that fxnglet continued on 
his joumev by way of Cologne and Ratisbon, the permanent seat of that insti¬ 
tution Both citios were directly on his route to Vienna He must have been m 
Ratisbon when the deputies gathered for the autumn session 
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Bourbon lo suze the rcKoncy Lcnglet’H burned, secret departure 
might uuply a similar uka, whuh, of course, ho would not re\eal to 
tin ( ardinal, who strongly suspicted an intrigue Ilowtver, since 
tht Abbi was prone to magnify his own importance and since he 
actually desired Ihe iournai benefice, it is only reasoniblc to con¬ 
clude that after all the pnrnarj objict of his journey was the award 
of a canonship 

Takewisp the distrcpamy in regaid to Ivcnglct's hnaniCvS was not 
excetdingly great He wis a dcakr in rare books ind valuable 
manuscripts On mon thin one occasion he invested his inomy in a 
volume which he sold at i profit Thus it seems probable that the 
^pa7gn€s mentioned by Ikiort ref( rreil to the editions and the medals 
disposed of in Brussels, for the shrewd Lenglot, who some months 
lat-er realized upon other books, may have converted hie assets into 
casli only when absolutely needed In any event, Abb^ Lenglct was 
abh to proceed through the (iermanics to Vienna unembarrassed by 
further financial necessity 

iSt I oum CoevTKr Bay School 

St 1 oms, Missouai 



AC(^ADEMIA DEGLI VMORISTI AND 
ITS FRENCH RELATIONSHIPS* 

I RANC IS W C.UAV IT 

P LLI ISSON, HpoakiTij^ t)f the t>nnins of {\n iMtiuh Academy, is 
reminded of an Italian body t>f somewhit similar nature, the 
Arcndeinia tiegh Vmori*<tx Oiu cannot rtud th< letters of Btdric, 
C^hapelain, \oUure, or Poirtsc AMthout tncount< nnp the name 
(jabrul Naudi*^, Gassendi, and lalleniant des H<^au\ all mike men¬ 
tion of It, iud, as ^Mll be shown later, it appears m connection with 
other Frenchmen of the pi nod It h us, however, bun almost com¬ 
pletely neglected in the annotations Tamuiy di LarnKpio passes 
It by completely in his editions of thi letters of C hapelam. Pure sc, 
and Naud6 Ubieim,^ oditmp; the works of \ oituri, refers merely 
tro Pollusson Uri, who treats these men somewhat in his work on 
Francois (juvet, apparently has never hcaid of it ind merely nun- 
tions the academy of the CtUHca, as (he general typo of all the rest * 
Of the Italians Tiraboschi prisents certain good information,'' but 
this IS by no means compJi te The most recent discussion, by Michele 
Maylender, in his delle occadefme d'/inluif* brings to light somi 

new matcnals, but, being encyclopedic by nitiire, is of necessity 
somewhat brief in tieatnwnt and does not do justice, any more 
than its predecessors, to the French ramifiiations of the body Jn 
view of these facts a somewhat extended note would seirn useful 
The aim of this paper is, therefore, to describe the Academy itself, 
and to focus attention Ufion its relations in Bianco 

Pellisson * speaks of the Vmonsti as follows “C eux cjui ont parit? 

* After their first oeounenco titles are given without bibUogrnphicRl 4 its 
and some are citwi in condensed form 

^ Cbuvres df Votture^ 6d M A Vbicmi (Pans 1855), H 
* Uri, Isaac, Vn Crrde mvant on XVfl* misde Frangov* Ouyet (Pans, 1880), 
p 12 

■ Tiraboschi, G , /xi storm deUa lotiertUura xtahatm (Milano, 1822-20), VIIT 
Parti 65-69 

< (Bologna, 1930), V 370-381 

* Pellisson, Paul, et Olivet, Abb6 Piorre-Josoph 1 houher d, Htatotre de 
V Aca<Umte frangaxs^t dd Ch Uvet (Paris, 1858), I 7-8 
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d( rAcad^niip des Humonstefe de Rome, disont q\i’clle naqmt for- 
tuitetrunt aux noees de I^)renzo Mancini, gontilhomme romain, (jue 
plusieurs personneH de (ondition d’tntre Us convi^s, j)our donner 
quelque dn ertiseeujent aux damcH, ct parce que c'^toit au carna\al, 
se inirent X reciter premidrement sur-le-champ, ct pins a\eo piuB de 
pr^in^^dilalion, des <^onncts, des comedies, des discours, ce qui Icur 
fit dormer le nom de Belli Humor j, quVnfin, ay ant pnH go{it in- 
sensiblerneiit i ct s exercices, ils r(!solurent de former une Acad^ime de 
belles-lettres, qu'ators ils chang^rtnt k nom de Belli Uumon en celui 
d'Humondt et choisircnt pour devise une nu^ tpu, aprds s^6tre 
fonn^e doa am^ros cxhalaisons de la mer, retombe en pluie douoe et 
menue, avec ces trois mots du po^tc I uert co pour ime, Redii agmine 
dulci 

riraboschi ® concurs with the points stated above, except that 
he makes the founder of the body Paolo Mancini, as does also 
Maylender ^ lamizey de Jiarroque was led into the error of stat¬ 
ing apropos of Dorn Angelo Gnllo, of whom more later, that he 
founded the (hnonsit ® I here is no evidence pointing to the tnith 
of this statomeut We Icain further fix^m liraboschi * that the real 
guiding spirit of the body was one Gaspero Salviam, a friend of 
Mancini The ongin of the group is generally dated 1603, and it 
continue<l to meet every fijrt night until 1670, although this routine 
was more and more apathetically followed toward the end of the 
period 

The nieml>erflhip was large and eon tamed the names of the most 
prominent men m seventeenth-century Rome, among others, Pope 
Urban VIIT (Maffeo Barbenm), and at one time as many as aixt^cen 
cardinals,^* among them that famous patron of letters Francesco 
Barbenni, the pope^s nephew Barberini*s secretary, the scholar 
Girolamo Aleandro, was also of the group, as were many literary 
men, the best known of whom are Alessandro lassoni, Giovan- 
Battista Marino, the poet who, during his eight years* residence in 
Pans, had a very considerable share m the extreme preciosity of 

* Op at, vni. Pait I 66 » 0|) ci<. V 372 

* Tamizey de I^rroque, Philippe, "l^eitres myites de Gabriel Kaud^ k 
Peireec " BuUeitn du bihhophtle (1886), p 126, note 3 

U)p rtl.Vm, Parti 66 

Maylender Michele, Siona delle aceademte d^Italia (Bologna 1630) 
V 376 871 

“ LeUre 9 tnidUet de Qatfriel Naud6 , p 126 
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the Hdtel dc RambouiUet,** Aftofittno Mascardi, and ( tio\ an-Batti«ta 
Guanm, the famous author t»f th( Pastor h ido Among non^lTcncii 
foreign members are to fie notimi partiuilarl> Lmas HolHtemus 
(Luk Holste) of Hamburg, librarian of Gardmal Barbenni and clas¬ 
sical scholar, and I^eo Allatma, or Allazzi, a (ireek who eaily came 
to Rome, where he finallv was made \atican lihranan iMa>lender 
quotes the larger part of a donirnent, higned by some b20 names, 
drawn up m 1608, at which time the memt>er« soUmnly pkdged 
thembel\es to observe all the rules and regulations of the Academy 
This represents an induatum of the total membership throughout 
the life of the body, rather than the mtmbership at any one date, 
since it IS obvious that the names of Guanm, who died in 1612, and 
Gabriel Naud^, whti did not arnvt m Ronve until 16,11,^^ could not 
have betn affixed simultaneously I hat this group was always 
popular and had in its pnnu a very large membership is, howevir, 
evident fnim the fact that m 1614, because of the irowdtd condition 
of the roster, it split off into another body the Accademia dn 
Mahticomct Ihe Vmondi had prtviouslv, m 1608, also given 
birth to the Ordt/w^t, as a result of internal elisagrecments al that 
tune 

Such laws and regulations as have conic down lo us arc meager 
They are reported in the works of Gian \itlono Uoesi, himself a 
member, who wrote under the name of Janus \icms ^rythnieus 
They are interesting, partuularly the statement that '‘women of 
good family, surpassing in beauty and age/ togethei with their 
husbands should have the privilege of attending the sessionH — a 
provision which seems to reflect the wicial origin of the laidy Ap¬ 
parently, however, no women were allowed as regular members, 
despite their share in its original formation, since no women’s names 
are to be found in the list referred to alxive Some meinliers, es¬ 
pecially charter members, were exempt from taking part in the 
exercises if they so desired, ami the public meetings were to be 

** baaiOD, O, Jfiutotre de h lUl^QtuM fran^tse (Paris, 1924), p 381 
** Naud^r Gabriel, Jugmera de toui ce a eMe e»mi conin le (arduinl 
Afoeann, ou MMcurat (Pans, 1660), pp 143 147 In the foUoivmg notes this 
title i» abbreviated a* AToacurol 
» Op oU, V 876 m 

“ GoMndi, Pierre, Vtn tUiwirw JVtcoIai Ciaudij Fabncij de wla 

(The Hague, 1656), p 153 

^ Maylender op cil, V 374 ” Ibid 
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conducted by an electe<l officer the pnncipe - one of whose duties 
wap to see “that the \\alls rt magnificently decorat>e<l ” Although 
no ()ne was admitted if ht recci\e<l ont black ball, it is apparent 
from the si/e of the group that this priMlege was not greatly exer¬ 
cised Aco<mling to (laspcmli,** public funeral honon* wire paid 
by the Academy to ils principi, and he adds that in forty years only 
SIX such ceremonies had been performed Still another curious regu¬ 
lation reported by Frythrneus is that forbidding the quotation of 
any living author during an ofhciil session (Jnc( when a young 
man had cited a fiery I uscan poetess and had been rebuked by the 
censor, the lady, a (certain Margarita barrochia, was so enraged that 
she made a Molent public scene, and finally prevailed upon tlie young 
man not to attend any further sessions of the Academy 

In addition to the pnnape^ the body had among its officers a 
censorey “a cui toccava I'essaminaie i cr>mpon»nenti che doveano 
pubhcarsi Tlieie were also a segreianoy a ie’^onerCj a pnnw roa- 
sigltere and a secofuio coimghere The duties of the last two are not 
clear, but it is probable that they were the same w those of similar 
officers m the academy of the Oztota at Naples, of which J -J Bou¬ 
chard reports that there were four counselors to settle ipiarrels 
amongst the members In the agreement of 1608 mentioned above 
we find inscribed twenty-four prixmpt and two cen^on The other 
titles appear only once, at the beginning There is no way of telhng 
how nearly complete (he list is, but it gives a rough idea of the num¬ 
ber of elected presidents the society had in its seventy years of ex¬ 
istence, an aveiage of about one every three years The pnncxpe 
presided over the biweekly meetings in a magiuficent hall located, 
according to Naud^,^’’ in the palace of the founder, Paolo Mancmi 
This hall was decorated m part at least with the mottoes and pic- 

*» See Erythraeua, Eudevita (l/eydeD 1637), HI 4tM0 
” Op at,p 252 

” ErythruoiW/ Pxnacolheca %mag%numtllusinum virorwn (Lclpsig, 1692), 

p 261 

Tirabodpht, op nt VIII, Part I 67 

** Marcheix, J ucien, IJn Partnen d Rome d d Naplti en D^a^trltn un 

manvBcrtt tn^tt da J -J Bouchard (Paris, 1897), p 27 

" Afaecuraty p 153 Naud^^’e Htatement U home out b> the following title 
quoted by him m another connootiun (p 128) Totli, Pamphilio, HitreUto dt 
(wma, 1038) “Nella etradu poi del coreo alia man diritta, vt d la nobtle babito- 
Uone del Signori Mancmi, dove u fa ia famoiiwUma Accademia del Signori 
Humoristi epeeee volte oon preeenza d’Eminentiaoimi Cardmali 
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tures of the more ilJufitnous memf)ers^^ At the back was a ciroilar 
gallery in uhich sat the guests (luring the public sewMons — from 
Hhich * lo dame e I* print ificssc roimm godevano anth* esse dt starsi 
spettainci di si hcb> spcttacolo Ihis Htaterncnl, taken in con¬ 
nection with (he by-law quoted aboie, would mtke iis behe\( that 
women were particularly welcomed as onlookeis it (hcs( met tings, 
doubtless adding a note tif gay<t> and charm to the distinguished 
gathering of letteraii and schol irs On special occasions such as the 
funeral servifes of P(ires( the hall was ho filled that it (ould hardly 
hold the spictators^® Xaudt^ si^s of those meetings, “ccs iHsem- 
bh's se font d lour nomnit^! et mtnne pai le Bedcau A tons Ics Acade- 
mistes en des sallcs de rts[)ect, le ftic] micux parties ct ormes qu il 
cst poHfoibk, en prisencc des ( ardimiux (looverneurs dt \i!lo et dt 
Provinces, Seigneurs de marque, pnncipaux tlfhtiers, avet uue foule 
d^Auditcurs semblablc k cetlcs (juc fu \ois Inen soiucni au\ Uechnia- 
tions pubhqiies des ( oIlegos ou au Barreau quanti on y tioit pi utlcr 
queique cause cxtiaordimiirt, Pinhn il faut ertnn qut les Atadenustes 
qui sent ordinalrernent peiaonnes de credit et de nierite, nc inanquent 
pae auHsi de faire tclater ccs actions le niicux qu il kur est possible, 
parce qu^elles servent d'hpoquea aasez ninaiquables k tout le rente 
de lours vies 

As to the sessions themselves, information is somewhat meager 
We do know, however, that there w vs at each meeting an “orazitme, 
o uu potma o altro componuuento” whuh hatl been assigned or 
arranged for in advance Ihen folkmed other members ‘ recitando 
le lor poesie Ihese poctual exercises were a considerable part 
of the proceedings, appaicntly, for Oabnel iSaud^ assert* that, at 
the obsetjuies for Angelt) (inllo, Bemedictiuo scholar, abbot of Sami 
Paul’s in Rome, and p)iticipe of the Academy, who died m 1632, 
^‘bcaucoup d'acad^nustes rt^cit^^rcnt plusieurs potties ” ** They were 
not the only type of composition, however, for there is record that 

* Eryfchrftoioi, Pimcothrm , p 06, spcftking of OuHrmi *Nam et m 
parentis eum loco dilexjt, ejusque mlhuc suixMetitio imagmem, magna in tsbuhi, 
summi artificis manu depictam et corona aurea m loco Academlae posviit ’ 

» Tiraliosohi, op nl , VUI, Part 1 69 

* Gaescud), op ctl, p 252 Sco also Tamusoy de Iiarjoque, op ci< p 126, 
where we are told that at the funeral of Angelo Urillo there were “tant d autres 
personnes qua U moiti6 fut contrainte do derneurer dehors ’ 

” JtfiMcurot, pp 149-160 

« Tiraboscbi, op eif, VUI, Part I 67 

■* l>eUr€t iiUdU€9 ds Oatntd Naudi , p 126 
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the members were invited to make known publicly their learned 
Gassendi bears out this statement He says that the 
Academy *‘i8 a reknownod bociety of learned men, who meet twice 
every moneth, where in full Academy, one of the Academicks makes 
an (Jralion, others recite their Poems and other works worthy of a 
learned auditory " Cbapelam also gives evidence of the importance 
of public recital, for he speaks of the Academy as auditoire 
c61^bre oil Ton fait prmcipalement precession de T^Ioquence ” 
Aleandro once gave a senes of three very dull lectures explaining in 
detail the motto of the society " On another occasion David Fluranoe 
de Hi\ ault, a visiting I* renchman, delivered a discourse on Mtnerva 
arwofa, Bm de ctmjungentlu letteris et artnts ^ 

According to Tallemant des B^aux, one of the set discussions 
was the question whether ^^la langue Franyaise cstoit parvenue k un 
auasi haul point que Tltahenne,'’ which would be extremely inter¬ 
esting if the statement were entirely credible He states that this 
discussion aroused such feeling in Jean-Jacques Bouchard, one of 
the French members, that he offered to translate the Congtura del 
Ftesco of Mascardi to pro\ e the supenonty of French Unfortu¬ 
nately Bouchard himself disproves this statement in a letter to Peiresc 
m which he says that he has kept his work a secret from all his friends 
in Home, and b<>gs him not to mention it in his letters ** It is not 
at ail unlikely, however, that questions of this nature were at times 
discussed m that cosmopolitan society of authors and scholars, in a 
penod when the position of the French language was being definitely 
fixed Bouchard at length sent his work to Riohehou and to Chape- 
lam, and apparently failed to impress them with his effort Chapelain 
says, “J© luy fais peut eatre tort, mais j^avoue que jVppr^hende 
pour sa reputation qu\l Tenvoye k son Eminence ” 

** Tirabosola, op «!, VIII, Part, I 67 

“ The MxfrouT 0/ True Nobtliiy and Genlitxiy, being the Life of Ntcolaue 
Claudtue Fahnetuef Wm Hand, trans (London, 1667), Part 11 233 

« LtiUret de Jean Chapelain, M Tamlwy de I^irroque (Paria* Imp Nat 
1680-83), 1 307, h Godeau, 18 octobre, 1638 

" Maylender, op cU f\ 373 

” Rome, 1010, 8^ Cf Michaud, J M , BiograpMe unieerteUe, article “El- 
vault ’ 

»» HieionetlM (Paris, 1862), V 483 

* Tamisey de I^rroque, “ Lettres incites de J -J Bouohard,' L» Cahinei 
kietorufue (1881), Part 1 144 

” Lettree de Jean Chapelatnt I 299, S Balsao, 2 oetobre, 163& 
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Although Latin occafiumally had its place in this group, the 
vernacular was the customary language employed \ oiture thinks 
a letter accepting I he membership voted t<i him must be m Latin ** 
Bouchard gave the funeral eulogy of hia fneud Pei rose in Latin** 
liivault spoke in Latin Yet Naudd ** asserts that * Bruny, sei rdtaire 
du Cardinal d’LsIe it assds bon poiHe, fit 1 Oraison fundbre [de 
Gnllo] en vulgaire as was likewise that of Aleandro,^* whose 

speeches on the Impresa of the Aiadtmy Here alstj m Italian It is 
only natural that a group growing up spontaneousiy, os this oue did, 
and counting on a large audience of non-members, among whom 
were many women, should have employed the vulgar idiom under 
ordinary cmumstances Voiture w replying to a formal imitation, 
which was probably also couched in Latin, and conseciuently feels 
the need of a very formal missive Rivault was a Irenchman and 
may well have used Latin because of a distrust of his command of 
Italian Although Bouchard knew Italian very well,** he was always 
a poseur and probably put his oration for Peiresc into Latin lo 
impress the august gathering with his ability 

The funerals were probably the most imposing of the exercises 
That of Marino, who bad been elected president when he returned 
from France in 1623, the author of the affected poem 4done, was 
celebrated some two weeks after his death in 1625 ** They did not 
always follow immediately upon the death of the person honored, 
however Aleandro died m 1629, and it was only m December, 1631, 
that his patron Francesco Barbenni caused funeral services for him 
to be hold at his expenst *'Nous avons loi celebr4 les funerallUs 
de ftu 8' Hitrosme Aleandro en PAcademie des Humoristes lo 21 
Decembre pass<* auxquelles assisterent tmq Card*“* Acadermciens 
et six autres, et grand ooncours de beaux ospnts, qui reciterent 
quantit6 de vers in wm honneur La sale fut par6t dc deuil, it do 
pemtures de la mam du s’" Pietro Cortonesi tres exoeUetites tn cAwtro 
oscuro qm reprentoicnt les quatre scienci^ qu’il avoit profcs86cs, la 
Theologie, la Jurisprudence, I'Histoirt, et la poesic avec parures 11 

de Voiiure^ 6d PbjomI, H 98 

•• It is reproJuoed by Gassendi, op ett , pp 257-275 (see note 15) 

" LeUree tn^dtiet de Qnttrtel NaudS , p I2CL 

w Oronons neUa morit d% J Aleandro delta tn Roma ntiVAccadema deglt 
UmotuU at £i di Deeenibret iOSif per Oaepera de StmeonAme In Pangi j>cr 
Sebastiano CrotneUy, 1636, 4“ ** LeUree de Jean Chapelatn^ I 299 

** Belloni, Aatonlc, ft eeteerUo (Milano, n d ), p 7t 
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ornoRK Ills et marquees extraordmam s Je travailiai aux Inscriptions 
car Mfe lo Card*’ nion maistro, qui nous fourmt I’argtnt pour la 
desptncf, avoit agr# qu’avcc MS Holstenius iVn eussc le soin, maw 
It tout s’lmpnmera In January the funeral of Gnllo was 

also \ory brilliant, perfoimtd m the presence of his portrait sur¬ 
mounted by a gold crown,“ before numerous cardinals and other 
pel sons of quality, and was paid for by the Bent dictmes 1 he most 
famous of these eulogies was that of Nicolas Fabn de Peu*f sc, consetller 
au parlernerU d^Aix and correspondent of all the famous scholars of 
his day It marks apparently the only occasion when such honors 
were paid to one not a president It was given on December 27,1637, 
in the presence of ten cardinals, including his particular friends 
Francesco Barbenm and Bentivogho These emmont prelates sat 
m a room draped lu black and dominated by a picture of Ptircsc 
From the somberly dressed rostrum the orations were given “The 
most choyse wits m all the City, recited Verses in prayse of the 
deceased, m Italian, Latin, and Greek, and his funeral Oiation neat 
and eloquent was pronounced by Joannes Jacobus Buccardus, who 
was chosen to i>erform that Office, both for the excellency of his 
Witt, the great love ho bore his Countrey, and his special affection to 
the memory of the party deceased,'^ according to Gassendi^s bi* 
ography of Peircsc 1 he oration, says Chapclam, to whom Bouchard 
sent it, was laudable for its Latmity and its careful developmc nt, but 
m his opinion Jacked the fire and vigor necessary to the spoken 
address, in fact, seemed, “plustoet dict6e par un bistorien ou relateur 
que prononct^ par un orateur ** 

After paying their respects to Peiresc m this manner, the UtmnsU 
united in the publication of a Panglossia, containing eulogies of 
Pciresc in forty languages, including, says Tamiaey de Larroque,** 
Hebrew, Synac, Persian, Georgian, Armenian, Ethiopian, Coptic, 
Slavic, Russian, Polish, Albanian, even Japanese and Peruvian, not 
to mention the better-known languages of Europe This collection 
of mortuary respects had great fame m France at the time of its 

« Biblloth5que Nationale, Collection Dupuy, MS 9530, £f 294v-295 
Ijettre de f -M Suar^a Jl Peirenc Home, 22 janvier, 1632 
** Erythmeus Ptnacoiheca , p 238 
* LeUtfta inMttes de Oahnel Naiitdi , p 126 
Part n 234 {see note 31) 

« de Jean ChapelatHf I 307, k Godeau, 8 octobre, 1638 

** Ibid, p 369, note 1 

ManmnerUum HamanumNtcolaQ Clawho Fahneto Pereeeio^tenaityn Aqueneif 
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publication, partly Incauw of the position of Peiresc among the 
scholars of the day, partly because Bouchard w is nt\er back\\ard 
in displaying any product of his which might cnhimt his chances 
for eitlur a bishopm or a seat in tin A^a<Umie fran^an< Balzic 
IS frankly skepticil of th( work and comments tt) the effect that 
^‘Pour aiUr jusrpPil (piarante d (pdil y on ait \ingt- 

troLs quo ScaUger ignorait,”and ('hapilam raises his hands in 
horror at the thought, but is fin illy stirred by the reotipt of the book 
to write a bad sonnet of his own on the death of Peirese, thus m ikmg 
the honors even* Yet it is interesting to note that lu wrote to 
Bouchard Unit II ne sVst jamais nen unagua" dt hi super be, ny 
d< si royal pour les testes couronnfes dans tons les sitcles ^ (i is- 
acndi,*^ of course, sj)eaks with appropriate gritiludt of this monu¬ 
ment, which he viewed as a fitting crown to the glory of the cxtelknl 
friend whose biography he was writing 

It luidnot reepurod the distribution of (his work to spread ibioad 
the faim of the Irafi^wn des IfumoriHtes, as it was lalkd m Prance 
Already in IblO Huranct de llivauU (1571-Iblb), the Ust of the 
tutors of I^uis XIII, and editor of several texts for the young pnnet s 
benefit, had taken a trip to H<jme, where he was duly enrolled as a 
foreign member of the Academy, wfiich he suhse<iueutly addressed 
in Latin, as wc have mentiomd above lb wis piobably the earliest 
hrench member of the group hired with enthusiasm from his ex¬ 
perience, Hiv^Hult published soon after his return to Pans a plan for 
an academy in trance and its introduction at court “ Riv luU, one 
of whose ideas was to have the young king harangued by the scholars 
of the day,"* unfortunately dud four years after his book was pub¬ 
lished, without having l^een able to imprens his ideas permanently 
on the government 

doctrtnae nrttUt$gtu‘ causa factum (Vatutin Prewj, Rome 1038, 4*’) this 
also contattis the oiation of Bomhiifd The Panglossia gt^es from page 85 to 
j>age 119 

“ tJtuDres, ^ \alentm Comart (Paris, 1005), I 804, ftChapolaln 20novcri 
bra, 1639 

LeUret (U Jean < hupefatn, I 459, & Balzac, 20 juillet, 1639 
** Ibid , p 444, 26 juin, 1019, note 5 
“ Op eg, p 253 

“ Le Deenetn d*une acad^mn* ei Vxntroduction d'tceUe en la cour (P Le Court, 
Pans, 1612, 8«} 

** Cf hU D% 8 C 9 ure sur le desstan de favre entretamr U toy par dee htmmee 
eavane (V^rac Paris 1610, S'") 
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The trench member beat known in our day was Voiture, who 
went to Rome toward tlie end of 1038 and was there prestnted to 
the Umtmsti Some time later, apparently unknown to him, he waa 
elected to membership®^ In 1640 he wntes wittily to his friend 
Costar, concerning tlu lu w honor 

II y a ptirmi oux [les RomainH] une aoad^^mic cle certamoa gena qui n app<«Uant 
le9 HumortHtes qui est A pou pr^, (x>mme qui diroit Bizarres, et en rffet ils 
le 0 ont tant qu li lour a pna fantaime de m« reipvoir dans leur corpa et de m en 
fttlre donner avis |jar une lettre que in a i’erite un de leur cumpagnie 11 faut 
que je leur en faaee une autre en Intm [lour lee remeri fer et voilA ce qui me met 
tant en peme J en ema pourtant d^ le moment que voua m l^te» venu dana 
I oapnt, car il me eemble que voil& votre vrai fait et un homme qui cat en Poitou 
et qui i'*cnt des lettrea latmee do gaiett^ de e<iur ne me aauroit pas refuser cela 
11a ont pour dtvlse un Soldi qui tue dee vapeurs de la mer qui retombent en pluie, 
avec ce mot de 1 ucrAce Mwf agmtne dukt Vover je vou« supplie hi vouh trou- 
verez quclque c Vioae ii leur dire sur cela et sur 1 honneur qu ils m out (ait ot sur 
le peu que je vaux 

V^oiiure was notably light-hearted m his attitude toward acade¬ 
mies, and It 18 not to be wonderetl at too much that he delegated 
to a friend the task of thanking this “ Roman Academy ( hapelam 
complains of his neglect of the Aca(i4mie fran^atse " IjC nom acadd- 
mique de M' Voiture est il Nrgligetde ou, hi v ous \ oul(^«, tl Trascuraio 
JamaiH homme ne fut moms A rAcatl<'mie que luy, et la vostre des 
Humonstes se peut venter de Tavoir pluH \eu en trois jours qu'il a 
est^ A Rome que la noatre cn (luatre ans qu’il y a qu© nous 1 y a\ ons 
receu “ Costar obliged with a letter to be found in the Entretiem 
de Voilure ei de Costar (Paris, 1064, 4®, p 130) 

Chapelam and Balasac, who several times mention the 
were ne\er members, and speak of them primarily m relation to 
Jean-Jacques Bouchard and his Panglossta Bouchard (1606^1), a 
dibaucM and a man of most unlovely character, went to Rome m 
1030 as the result of the systematic debauching of a servant girl in 
his father’s house — an affair he has somewhat too frankly described 
in a book colled Les Confesstom et voyage en Italte de Jean~Jacques 
Bouchxird (Pans, 1881), of which the editor says that the other 
Jean-Jacques would have gasped in amaisement bad he l>een able 
to read it In the letters to Balzac Chapolain continually complains 
of his greed,” yet he counsels tolerance because of the mtcllectual 

” (Fupre$ dt YmturSy Ubiclni, p xii *• IM, pp 08-90 

** iMlren de Jean Chapdam, I 357, A Bouchard, 6 janvier, J636 
« See tbtd , pp 267, 299, 469, d passtm 
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qualities he finds in las Eoman corresfamdont Hoik hard has left 
little trace of his avaricious life except his bad char vet or and a Latin 
version of the Byzanlmo thronographor Ihiophanes, whuh ho made 
at the request of Cardinal Bartiermq vNho was his patron at 
Koine 

The date of the election of Ptiresc (IW 16:17) to membership 
18 unknown He could not havi Ijeen roLened while in Home in 
1600 since the Academy was not yet formed His close friendship 
with many important persons m the group suflit lently explains his 
mernberslup, however ( ardinal Barbenm and Pope Urban VIII 
were always gootl friends, as were Aleandro, Cardinal Bentnoglio, 
del Po««o, and others He seems to hav< accepted the ht)nor calmly, 
because all we know alxmt his meinbirship is that be apparently 
belonged in 16.U, when he mentions tlu Academy to Bouchard, who 
had recently been admitted Fhib is the only reference to tlu body 
in the pubhfehed part of lus extinsivc correspondence 

Cjlabnel Naud^ (1600 53), who went to Home in 16U with ( ardi¬ 
nal Bagni," was s<xjn made a member*^ He is known to posterity 
chiefly for his Atfs pour dresser une bthholkigiie (Pans, 1644), one of 
the first theoretical treatises on libraries, published not long after 
hi8 recall from Romo to take charge of Mazann’s library Naudd 
has left a certain amount of information conctnung the Atcademta 
deglt Umonstt in his Jugement de tout ce qui a esU eserti coniie It 
cardvial Mazanti^ on ^faslura( (Pans, 1650), to which we have al¬ 
ready several times referred It is an elaborate defense of his patron 
during the Fronde, in which ho connects the name of Mazann with 
that of Mancmi, the founder of this illustrious” academy, through 
the oardmars nieces, one of whom, the famous Maria Mancini, was 
Louis XIV’s first love “ It is interesting to note in this connection 
that Mazann was also a member of the body ^ Naudd, by his posi¬ 
tion and learning, was well known among scholars in Pans, particu¬ 
larly that large group which met about the brothers Dupuy in the 

" PoliMier, L -G , * Anus <I’Hol»t«iau8,” ^coie fran^ite de Rome, Mi- 
lange$ arcMologtquee ei huthrtquee (1887) p 82 

** Letlree de Peireec, dd TamUey de Iai roque (Pans, 1888* 98), IV 69 
“ Franklin, Alfred, Htstoire de la Bthltoihiqae Masanne (Paris, 1901), p 7 
heUree de Petreec, 11 273, h l*ierio Dupuy, 23 mai, 1631 

•* See list of memberB given by Maylender, op cU , V 379 
•* Silvagm, Umberto ll Cordinat Masmnno (Turin, 1928) p 428 
* See list of members given by Maylender, op c»t, V 377 
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library of branvois-Auguste de Ihoii/’ who was oxocutod m 1(>42, 
when implicated in the plot of Cmq-Mars against Richelieu 

A sornew hat iuss known member, who i*^ occasionally rcTn( mbered 
for his iegiil treatise De usage deti JUfs et aidres droiis mgneuriaiir en 
Daupktni (Grenoble, 1664, 8 ), was Dtnis Sah iing do Boissiou 
(IbOO 8d) A fnond of Piiresc, he visited him before going to Italy 
m 1633, and of him Pemsc wroU to Bouchard “j*ay ou 1 honneur 
de Noir icy M dt Boissieu, gcntilhorame des meillcurs inaisons, et 
d(s mioux alh^os du Daulphm<5, qui est dou<^ des plus dignes patties 
d erudition, de valleur et d'honestet^ quo puisse ivoir aulcun autre 
dc Kti condition, dont je m double pas quo vous no wi>ez bicntowt 
amoureux, tt quo vous n< me s^aichiez bon gr^ do Toccasion que je 
vous donm par a He adresse, et de le voir possible un peu plustost, 
et avec un i>eu plus de conhance que vous n’eussie/ faut After 
a dissolute youth he accompanied the Duke of < on a miHsion 
to Home and was chosen to harangue the iH>i)e, which he did boldly 
and in a way not pleasing to the pontiff Hi refused, however, to 
suppress any of his sjieech, and it was subsiquently printed (Romo 
et Pans, 16*33) Boissieu must have been among that group of 
whom Bouchard wrote “Parmy touts ces cuneux [la suite de 
CrGiUi], il y en a nfantmoins quelque demi-douzaine dc plus mitigf‘s 
ef qui ne se tiuant pas enferm^j tout au long du jour dans le cabaret 
et dans le bordel comme los autres, paroissent quehpiefois dans h 
boutique del ou ils font Heunr les esp^e^ murs de Pans Videl 
(t h Aniant y president, et m'a-t-on dit qu’ils me vculent prendre 
pour lour assesseur, m’ayant d^jJl ^rigt^ en bcl espiit a mon dcsceu 
Ge sera pour jomdre il mes autres qualit^s d’Humonsta et Otioso ” ^ 
This tendency toward the intellectual life gained Boissieu a member* 
ship m the Umortsii Up<jn his return to Pans he was made con- 
Hctller d^Mat by Richelieu, until he finally retired to a presidency in 
the Chambre de^ compter of Dauphm<^ There is no evidence that 
the poet Saint-Amant, who is mentioned here,” was ever a member, 

” Uri, op cUfP 44 (we iu>te 2) 

IjnUres <U Petrwr, IV K3 

** Tamizev dc Iiarroquc, ^'bettres inftlitea d© J J Bouchard/' Le Catnnet 
(1S81) Parti 160-160 
Afewcurat, p 146 

” Michaud, J M , Btographte untvereeUe, article Boiwicux " 

™ It wa» Marc AnUnne Ol^rard, the poet, and not Jeon-Triatan, the archae 
ologist, who woe with the Crdqui miwion m 1633 See SchOnherr, P, ** Saint 
Amant, eein l^ben und Werke/' ZMt / /ram Spr und iM , 10 (1^) 120 
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although it IS extremely possible m view of the circumstancch leading 
to the election of Boissieu 

Before closing this discussion we must mention three m<n who 
were also members, but who ha\e left httic trace of thtir connection 
with this body We know they were members, because they wrote 
some of the eulogies in the Panp/oma, and Bouchard distinctly says 
that this part of the Monumentum “appartient aux Acaihmistes ” 
Of the nature of th(.ir connection wc have little evidtncc Scipion 
do Grammont 10.38), the first of tlum, a numwmatist and atmU ur 
now almost forgotten, was Hecv^Uiite du cahnet of Louis \U1 llis 
best'known work was a treatise on the tluory of money (Le Denier 
royals iratU eurmtx de Vor e( de VargejU^ Pans, 1620) He has also 
left some French and Latin verst and a cun< us work on a 'iystem for 
learning foreign languages, which particularly attacks Latin gram¬ 
mars written in verse He was piestnt at the obsequu s for Peiust 
and wrott some rather bad Latin verses concerning the occasion, 
celebrating the PangloHnia lo him were also entnistcd tlu French 
verses for the work, which were not of a quihty to keep his mem¬ 
ory alive Another wnter for the Panglossia was Honoi6 Bout he 
(1598 1671), the Provencal historian, fnend of Gassendi,’’ atul of 
Peirese, who sent him to llom< at the end of 1634, loaded down 
with recommendations, particularly to C ardinal Barlienni ’* Of him 
Peircsc wrote to Holstemus “II est fort honnesle (t fort modeste, 
et bien qu’il soit en reputation de doctrine entre ceux du pais, de la 
profession de la Theologie scholastique, il ne sVn presume pourtant 
pas beaucoup; et n’en vault pas moings aussy II fst fort de mes 
amys et de toute noatre mayson et si vous pouvtz I’lulsisttr (t 
favonser on quelque chose de pardel^ auprts de I’em’”® C ard"‘ patron, 
ou des aultres de sa cour je vous en auray particuliere obliga¬ 
tion “ With such commendations it is not surprising that 
Bouche was soon elected to the Umondi Bouche is the author of 
one of the best source works on seventeenth-century Provence 

” Tanuzey de l 4 irroque, “ Ixittres in6<llte« de J -J Bouohard, ’ Le Cobtrui 
h%9tor%que (1881), Part 1 165 

“ Of Michaud, J M , Btographte untwrseUe, article * Gramont ” 

Bayle, Pierre, Jhctxonnatre hutanque et crxtiqHe (Parle, 1820), XI 517 

^ Humbert, R©n6, bn AttuUeur Petrm (Paris, 1933), p 27B 
Letire» d« Petrexc, IV 123, note 2 
/frid, VI 705 
Z^«r«8 de Peirwc, V 430 

w La Choro0taph%0 ou detcftpiton de Prw«nce (Aix, 1664) 
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A somewhat more important personage was Joseph Mane Suar^s 
(1599-*1677), a learncti antiquary who also dallied with the poetio 
muse He was for a tune hbranan to ('ardinal Rarberini and cawif mere 
or officer of the chainh< r to Urban VIII After 16*13 he was Bishop 
of Vaison, and retunwd to Trance only Ui resign in 1666 and pass 
the rest of his life as Vatican librarian in Home Snares was likewise 
a fnend of Peirosc, with whom he was in correspondence ** He was 
present at the funeral exercises for AJeandro ** 8uar^^s was charged 
with the redaction of the Latin \er«es for tht PnngUissta 

If the Acccuiemta degli Unw}%si% is of primary importance only 
in the hisUiry of Italian literature and scholarship, it can yet be 
seen from the names already mentionesl that it had its place also in 
France It seems that the person most largely responsible for its 
French mcnibersliips was Peiresi Bouchard, Boissieu, Bouche, all 
went to Rome recommended by him and soon were elected to the 
body Naudi^ is highly praised in a letter to Holslenius “ and 
promptly becomes a member But the fame of the institution was 
certainly not confined to this narrow group It must be remembered 
that the people here concenied did not act merely as individuals, but 
as members of an unofficial corporation of scholars, and that their 
interests and opinions were freely shared and discussed, as con easily 
be \erified by even a cursory glance at their correspondences from 
the days of Scaliger to Gassendi and on into the eighteenth century 
There was a highly de\eloped de corps which made the sharing 

of information a pleasure as well as a duty, especially in a day when 
scholarly journals were nonexistent — for the Journal des Savans did 
not begin publication until 1665 It is to be expected, then, that the 
name and fame of this aewleniy was much more widely spread than 
18 indicated e\en by the citations above, and it seems important that 
Tallemant des Rt^aux should mention it as the most casual thing in 
the world, without any further explanation ^ We must also re¬ 
member that Chapelain, in a letter to Godeau, who was not a mem¬ 
ber, and hence not to be flattered xn regard to it, takes it upon 
himself to call it “cette illustre Aoad<5mic Chapelain was also a 
close personal fnend of three of its members Marino he knew well, 
as an habitu6 of the H5tel de Rambouillet, and he wroto tfie preface 

** Cf hetires tU P«r«(ic, IV 01 

^ iMtrtB de (hbnd Naud6 , p U5 Alw cf note 44 

•• LeUree de Petrese^ V 370 « IfudtmeUeSt V 480 
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to his Adontf which was published in 1623, apparently after the 
work had been levised according to ( hapelain’s ideas “ Likewise 
Tassoni’s Ln Hec(hta rapttn was published m Pans in 1622 through 
Chapelain^B efforts, after publication had been nfused m Italy be¬ 
cause of the personalities mvohed m the pocm,**^ and he was a warm 
admirer of Mascardi’s Traiiaio ikU arte tsionca and greatly lanu nted 
his death"’ With Cardinal Bentnoglio, also a mtmber of this 
academy, he earned on a correspondence and greatly admired the 
cardinal’s historical works Chapelam was influential in three 
circles - that of Mine dc llambouillet, the more scholarly one of 
Pierre Dupuy, and the still more important one of the Acadhnie 
fran^aise It is therefore certam that reports umccrning his Italian 
acquaintances would have a wide circulation It is will to note also 
in this connection that some of the publications of tlu I monj?^ were 
issued at Pans as well as at Home Likcw ise w e must remcmlier 
that Guez dt Balzac, Bouchard, Naud^, and Peiresc were all memliers 
at one tune or another of the group which met with the Dupuys to 
discuss scholarly and other news, and it is cirtain thit this illus¬ 
trious” academy would be mentioned there, particularly since Bou¬ 
chard was once so heartily disliked by the Dupuys os to be almost 
officially excluded from the group,"” and since this group was itself 
visited m 1625 by Cardinal Barbenni and b> Aleandn>, both im¬ 
portant members of the Homan body 

It 18 even possible that the French Academy itself was somewhat 
inlluonced by its famous Italian sister, and such a thing would not 
be surpnsing m view of the foregoing discussion 1 he fact that 
Pelhsson thinks at once of the uneventful beginnings of the Umonsit 
rather than of some similar body, as a parallel for the casual ongins 
of the Aca(Umie fran^atsej may be due merely U) the fact that Naud^'s 
Mascuraty from whicii he takes his infonnation, appeared some two 
years before he began to wnte, but it may also indicate that in his 
mind he saw a closer parallel Phis point did not strike Paul Mesnard 
in his work on the French Academy (1857), or Gaston Boi«(Nier 

•* Piooo, Francesco, "Appunti alia coltura italiana in Franoia nel eccolo 
XVn Jean Chapelain (159A~1674), ’ MttcfUaned di atwli enttet pubblxocUi tn 
hoMt$ dt Outdo Afocsom (Florence, 1907), 11 !46 

/6*d,p. 135 /M, p 149 ** Ifnd, p 151 

See note 41 for an example 

LeUm dit Jean Chapelam I 469, h Bakao, 31 juUlet, 1639 
t Peirene, I 59, & Pierre Dupuy, 20 avnt, 1625 
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(1909),®" for they go no farther afield m their discusaion of origins 
than the incclings at Valentin C onrart's, but Maylcmler suggests 
that the early acadhntsti'i desired to take the name of Beaux J*sprits 
m mutation of the ongumi Begli Human of the It is 

doubtful, howe\<r, \vh(th<r this contention could be maintained 
Pelhsson says merely th it “(Juelqui s-uns Tont nommt^ depuis fMm- 
ddnue de^i Beaux Lapnis^* and although we know that Gut* de 
Bal*ac used this niiiu m lefercnee to the lH>dv,®* the term was umi- 
monly employed at that {>enod, according to Littr^’s dictionary, to 
signify fashionable ind somewhat affected literary tntn, a meaning 
which Peiresc definitely uses m his letters in 1627, seven years lx fore 
the official incorjKuation of the Prtneh Academy 

There IS, however, a much more definite suggestiem, which will 
not perimt us to dismiss this line of thought until it has boon com¬ 
pletely investigated Charles Sorel, m hm Discours fair CAradhnie 
/runfflne (Pans, 1654), imputes the gencril m<xlel of the \cademy 
to that outlined by Ilurance de HivauH, unmediately upon his return 
from Home in 1610 ‘M llurance Rivault " he says, “fit im- 
primer en Tan 1612, le dessem d’une •icml^mie ct de son introduction 
dans la cour, mais elle n'eut point dV^xCiution, ct il semble 

pourtant eiuc notre academic fran^aise ait ctabhe sur oe mode^lc, 
smon que, coinmc au lieu du Roi elle n’a eu quhin cardinal pour 
protecteur, iiissi ui lif u des grandes mati6rps de la premiere elle ne 
s’est r^^serv^ que des questions dc grammaire et tout au plus de 
rh^tonque pratuiue Although Sorel is an enemy of the Academy 
and is trjing to belittle it, as the quotation plainly shows, his state¬ 
ment IS plain, and the obvious inference would be that Rivault, 
himself influenced by the f/mmsft, as wi have shown, in turn in¬ 
fluenced the h rent h Academy 1 ho correctness of SorePs statement 

” Utsimre de VAcadCmu frarti^atse jusqu’en t8$0 (Paris, 1867), VAcodimte 
/ranffowc sous I anotm (Pans, 1909) 

w Op ni, p 18 

** (hutfres, Cd Courart, I 727, & Chaiielam 

» Peirrflc furniahes a much clearer u«e of the expression m thw sense than 
does the example in t ittrfj taken from a Utter of BaUac to Courart (2 novembre, 
1683) which IB referring definitely to the Academy Peiresc refors (Lettrw, I 
262, 1627, h Dupuy) Ui the Hecucit tUa kUrea nttuveUet put together by Faret 
(Paris, 1027, 8“) as follows * verruy tre» volontiers c« rccuetl de lettres 
des beaux espnU qiiand ce ne seroit que pour 1 amour de M' de Malcrbe, qui eet 
bien do mes amys 

* Cited by^r uet m his edition of Pelhsson et Olivet, Htatoirs ds 2 AcaiUms 
,I 476 
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cannot be cvamined *i1 this time bccau 80 of the inaecessibihl v of the 
v^ork; \^hJrh apparently js not to be found jn Ann rna It o|)tn4 up, 
however, an interesting \istu of investigation on which I liota to 
rejairt at another tune 

It IS evident fmm the facts presented ihiit tht Vmon^ti Wfre a 
large and important organization in sc\entti nih-centurv Roint, that 
they had many celebrated personages among their nidnlHrs, and 
that thtir gatherings wire large and brilliant, tht mt)st magnihtent 
bdtig probably the funerils fa Id in honor of fonm i prtsidtnts Wo 
ha\e alsti seen th it a cert un nunibtr of hnnchmtn, mostly scholars 
or of scholarly inclinalums, were members, in<l tint thiough their 
connections in Franco and the connections of certain Italitn mt mbors 
this body must have been well known m Pans, teitainlv imong tht 
group of savants gatheretl about Pierrt Dupuv, which oontaintd 
several membtrs of the French Academy In partuuhr we havt 
shown that one hrench member of tht Utfwrt'iii, inspired by his 
recent cletlion to tht body, wrott a txiok which Nirel cl urns to bt 
the modtl outline of the organization of the Ireneh Acadtmy If 
this statement can b( shown to have truth, then it would setrn that 
indirectly, perhaps even unconsciously, tlie Acadhnie fran^mne itself 
owes some debt to the icaidenna digit I rnonHli 
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SHELLEY^S BIBLICAL EXTRACTS 
A LOST BOOK 


BENNETT WEAVER 
I 

T he influence of Godvvin and the Irencii philosophers upon the 
growing Shelley was great, but it has, I think, been sufficiently 
insistexi upciri Were one selecting a work to illustrate this influence 
he would doubtless choose Queen Mab However, as he entered into 
a study of that document, which concerns itself *'with moral and 
political speculation, as well as the subtler dwenmmatums of meta¬ 
physical and religious doctnne,’^ ^ he would be arrested by the fact 
that the young man was compiling a work called Biblical Extracts 
at the same time that he was comparing the poem He would 
observe, also, that the Biblical Exlracis and the poem W'ere both 
Completed before “the long and philosophical note^s” attached to 
Queen Afa6, notes which carry evidence of the author^s interest in 
Godwin and the French,* were finally assembled Not, then, desiring 
to belittle a patent influence ensealed in scholarly tradition, he would, 
nevertheless, wish to study the evidences of a supplementary Biblical 
influence and to hypothesize the contents of the lost book For the 
Btbltcal EztractSf lost in reality, seems last almost as completely by 
entice of Shelley 

^ Letter to Ijeigh Hunt, June 22,1821 

* dating our selecuons before May, 1813, m that time when Shelley was 
devouring Godwin, Condorcet, D'HoIhaoh, Diderot, Helv^tius, Rousseau, and 
Voltaire, let us nodee certain sharp qiuUtficAttons of lus enthusiaam 

(a) Letter to Thomas Jefferson HujEg, May 15, 18U ‘^The 'Confessions 
of Rousseau' are either a disgrace to the confessor, or a string of faMiuods, 
l»rob«h)y the latter' 

(h) Propoiok foe an A^Mcnttiont pp 33*14 of 1812 editkm ' VolUire was 
Ikn ffatterer of kings, though in his heart he despised them — so far has he been 
lOstnnaOntai In ihs present slavery of his country Rousseau gave Uoenoe by 
his wHtittgs, to passions that only Incapacitate and contract the human heart -- 
so (ek wh W proparod the necks of hte fellow-bemgs for that yoke of galling 
and dishonouralde servitude, which at this moment, it bears " 

is) In the Frufpo^ be writes further "Helvdtlui and Gondoreet eetabhiJied 
523 
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I propose, therefore, to do four things First (m point i)f chro¬ 
nology, of substance, and of purpose), to examine what Shelley wrot^ 
regarding the Biblical hxtrach and Queen Mob, second, to examine 
those i^o major documents which he wrote immediately before and 
only fixe days after he first contemplated making the Extracief 
namely. An Address to the lush People and Propomh for an Asso^ 
ctatton, third, to oliserxe any actual deposits of Biblical matenals 
m Queen Mab, and fourth, to offer a hypothetical suggestion re¬ 
garding the contents of the lost book 

It 13 m the letters of Shelley that xve find the record of the simul¬ 
taneous preparation of Queen Mob and the Biblical Extracts By 
placing in parallel columns what he wrote we may make clear not 
only the significant simultaneity of the two works, but something 
of their common purpose All the entries in both columns illustrate 
the first point, whereas only some of them illustrate the second It 
seems best to retain them all, however, for although tliey cannot 
prove a similarity m the substance of the two completed documents, 
they do point toward a probable consentaneity of purpose 

BifUtcal Extracts Queen Mab 

1 ToBlvtabethHitcheneffTeh 1 TahhtabeihHUchener^'Feh Ht 1^12 

have met with some waverers [Speaking of Time Cf Kev 

between Christianity and Delem I 6 2] Proceed, thou giant, eon- 

shail attempt to make them reject all quering and to conquer 1 March on 

the bad, and take all the good, of the thy lonely way ~ The Nations fall 

principles, but if they drew conclusions, their oonolusions were um^stematioal, 
and devoid of luminousnoss and eneigy of method 

(d) Letter to William Godwin, July 29, 1812 "It is a book [D’Holbach s 
La Smtbme de la nature'] of uncommon powers, yet too obnoxious to aoousations 
of sensuality and selfishness — In fact the dootnne which affirms that there 
IS no such thing os matter, and that which affirms that all is matter, appear to 
me perfectly indifferent in the questioii between benevolence and selMove ” 
It IS "this mateiidism” which in hm essay On Life (1815) Bhelley later denounced 
as " a seducing iQrstem to young and superficial minds " In his maturity he wrote 
to Horace 8mith on April U, 1822 "The doctrines of the French and material 
philosophy are as false as they are pernicious " 

(e) letter to Elisabeth Hitchener, June 11, 18U "A picture of Christ 
hangs opposite m my room ft Is well done, and has met my look Do not 
believe but that I am sfnoeore * 

(J) Thomas Jefferson Hogg, Life of BheUey^ H 468 “He oertalnly was at 
all times prone to discuss, to attack, or defend the euHous speculations which 
aboujod in the wriUngs of ^I^Uiarn Q^win, and of divers Freneh authors of that 
age, but he never seriously and In good earnest adopted their otartUng and 
unhealthy paradoxes/" 
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JewUh Books 1 have often thouKht 
tlmt the moral sa)In]{a of Jcaus 
Christ might be very useful, if 
selecteil from the mjstery and im¬ 
morality which surrounds them, it 
IS a little work I have in contempla¬ 
tion 


2 To 7 homa« ffookham, Dec 17,1812 
“You will receive the ‘Bibliiai 
Extracts’ in a day or two by the 
twopenny post I confide them to 
the cure of a person going to I>on- 
don Would not Daniel I Eaton ’ 
publish them? Could the question 
be asked him in any manner? ’ 


beneath thy noiseless footstep — 
pyramids that for tmllenniums have 
defied the bias* and laughcfi at 
lightnings, thou dost crush to 
nought ^on Monarch in his soU- 
tury jwmp is but the fungus of a 
winter day that thy light footstep 
jpresses into dust Thou art the 
conqueror, Time! all things give 
way before thee but 'the fixed and 
virtuous will, the sacred sympathy 
of soul which was when thou wert 
not ’ (Cf gwen Afob IX, 2^ 37 ) 

2 T’oAug 18,1812 
“I cnilose also by way of speii- 
men all that T have wnttim of a little 
poem begun since my arrival in 
England I conceive I have matter 
enough for 0 more (antos 1 be 

Past Iho Prewnt, and the future 
are the grand and comprehensive 
topics of this Poem I have not yet 
half exhausted the second of thorn " 


3 To TKomas Hookhamf Ian 2, 1813 

"I think that the type and sixe 
of Godwin s Essay on Hepidchres 
would bo a gooil model for The Bib¬ 
lical Extracts At all events I 
would wish them to be sent to the 
proas If you cannot have access to 
Eaton 260 copies will suffice Small 
Ohnstmas or Rafter ojfmngi of a 
neat little book have frequently a 
Burpnstng effeet The Emperors of 
China seem to form a singular ex¬ 
ception to the usual doltishness of 
tb« regal race I sympathise with 
his imperial majesty, but might not 
a preface be as efficacious in pre¬ 
venting the circulation of Biblical 
pofson M a penal law?'’ 

4 Te Thofrm Hookham per Hamel, 
Jaa $1, 1SI3 

“In reading the Paper I peiceive 
that Col^idge has just publishod a 


To Thomas Hookham, Jan 26,1813 
‘ I expect to have Queen Mab, 
and the other Poems finished by 
March Queen Mab will be m ten 
cantos and contain about 2800 lines 
The other poems probably contain 
08 much more. The notes to Q Af 
will be long and philosophical I 
shall take that opportuni^ which 1 
judge to be a safe one of propagat¬ 
ing my principles, whnh I decline 
to do syllogistically m a poem \ 
poem very didactic is I think very 
stupid 


To Thomas Jeferson Hogg, Feb 7, 
1813 

“ ‘ Mab ’ has gone on but slowly, 
although she is nearly finished 


* It was Eaton whose ''unmerited suffering'’ Bhelley decried in A Letter to 
Lord SUenborough Eaton had been persecuted for publishing the Third Part of 
Tom Paine's Age of Reason, See Shelley to Godwin, June 11* 1812 
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pUy called Remorse I wish you to They have teased me out of all 

send us two copies of it also a poetry ’* 

copy of the Rejected Addresses 

[J and H Smith, 1812] and one of 

CampbeH's Gertrude of Wyoming 

for a neighbor of ours Mr SbeUey 

hopes to find some copies of the 

Biblical Extracts in the Box ** 

9 To Thomao Hookham^ undated, 5 ToThoiruu Hookhamj^eh 10,1813 
ctfoa June, 18137 

“You wxU receive a parcel di- “Queen Mab is finished and tran- 

reeled to me at your House Open senb^ I am now preparing the 

it and you will find the Essay on Notes ^ which shall be long and 

Atheism, Queen Mab, and the Bib- philosophical You wUJ receive it 
heal Extracts Keep the former for with the other poems I think that 

yourself (it is the only one 1 have) the whole should form one volume, 

and send the others oarefully packed but of that we can speak hereafter “ 

by Mail ducted to be forwarded 
with core and speed “ 

Even while remembering that wc have here only incomplete data 
kept by the salvage of ohanoe, we must observe certain matters pre¬ 
sented in these parallel columns fhe first and the most important 
of these is that the chronologies are closely interlocked It is only 
thirteen days after the prose phrasmg of certain ideas which later 
were to appear in Queen Mah that Shelley tells Mias Kitchener he 
has ''often thought'* of and has in contemplation a work which 
became the Btbltcal Extracts Though in August of 1821 he has 
"not yet exhausted the second" canto of the poem, by December 
of the same year he has obviously completed the prose compilation 
He does not fimsh the poem itself until at least sixty-four days after 
he has the "little work" m readiness for the publisher In view of 
the fact that there is a posaible correlation between priority and 
infiuenee, it is interesting to balance the probability of infiuence 
of the Biblical matenal upon the poem against the probability of 
the mfipenee of the somewhat Godwinian and French noteie^ whieb 
were not completed until four months i^ter Queen Mei was finished 
It IS at least fair to raise a question of the idative significance in 
Shelley's mmd during the actual writing of the poem (February 27, 
1812 —February 12, 1813) oi the material in the Bihlied Extracts 
which had been considered and ordered hod the material of the notes 

* BMley was rtfU «t work on the notes m ^sroh, 1813, whsn he mt the 
poem to H<>okhsm The poem md the notes together were brought to pirns 
only a little before May 21, 1813 flee EarHei to Mi«« Nugent, May 21, 1813 
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which, however much it may have been considered, had not been 
ordered It would be easy to press this matter too far, for to do so 
implies a pertinent antithesis between the materials which may not 
indeed exist 1 should not raise the point were it not for Shelley^s 
having m a manner suggested it by confiding to Hookham that the 
note^ were not necessarily mtegral with the poem, but that the poem, 
itself not “very didactic,was to be the means of carrying out to 
the world his principles, rather slyly attached, as was Ulysses to the 
belly of the ram “I shall take that opportunity/’ says the wily 
author, “which I judge to be a safe one of propagating my principles, 
which I decline to do syllogistirally in a poem “ 

If It IS not to overweight the argument — for I by no means wish 
to insist upon the Biblical rnatenals’ being antithetical to the matenal 
in the notes, since the question is not one of antithesis but of pro¬ 
portional supplementation — I would now observe that the works 
which were in preparation at the same time were Queen Mab and 
the ExtractSf not the notes, Queen Afaft, and the Extracts There is 
no mention of the notes until forty days after the completion of the 
Biblical compilation Ihe notes, then, need not be deeply involved 
m the consideration of the fact that the two other works, being written 
at the same time, wore prepared largely in the same spirit and with 
the same purpose There is no suggestion of bhelley’s being aware 
of anything contrasting or destructively opposite in “all the good of 
the Jewish Books," in "the moral sayings of Jesus Christ," and that 
good and that morahty which he had before him m writing the poem 
To raise this question in the presence of Shelley^s intelligence is to 
answer it finally Indeed he knew well enough that embedded within 
the Bible was just that material which would hit early nineteenth- 
century “Christiamty" the hardest blow, and would hit in the same 
vital place w here he intended his poem to strike In contesting for 
the poet’s sensitiveness to Biblical precepts I would hardly go so 
far as to maintain that he did not let the right hand of hw poetry 
know what the left hand of his compiling did 

U 

It will now aid our speculation if we glance at the Irish documents 
which SheUey “gave to the world" immediately before and after his 
first oontmplating the Biblical Extracts This exambation although 
cursory will, I thl^, suggest to us ihe legitimate genesis of his plan 
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lo begin with, we may assume that Shelley had long been familiar 
with the Bible, although not so intimately m his earlier as in his 
later years ® Further wo may note that m the early part of 1812,* 
when he was preparing his Address to the Irish People^ he not only 
dramatized himself as an apostle but, unless 1 am mistaken, he 
consciously and purposefully adopted certain of the simphcities and 
nuances of Paul’s language It will be remembered that the great 
parvenu had said (II Cor 11 29, 12 10, I Cor 9 1) *‘Who is 
weak, and I am not weak?” “When I am weak, then am I strong”, 
“Am I not an apoatle?” So Shelley cries out to the sister of bis 
soul, Elizabeth Kitchener “I — even I, weak, young, poor as I 
am — will attempt to orgamze them, the society of peace and love 
Oh! that I may be a successful apostle ” And just as Paul admits 
to the Ckinnthians that he has treated them as “babes,” to be fed 
“with milk, and not with meat” (I Cor 3 l-'2), so Shelley confides 

* (a) Percy Bywhe Shelley, note vU (11 135-136) on Qrteen Mab book hi 
put into our hands when ohUd^, called the Bible ** 

(6) Adolph Oroop, Belefieaketi p 7 Die Bibe] war 

ernes der hebsten BUcher des * Atheisten' Shelley In Tanyrallt maoht er AussUge 
aus der Bibel, in der Abmcht, sle heraussugeben “ 

(c) Mary Shelley, note on the poems of 1816 “It was his frequent habit 
to read aloud to roe In the evening, in this way we read, this year, the New 
Testament ’ 

Note on the poems of 1817 “In English, the Bible was Itis constant study, 
he rend a great portion of it aloud in the evening.” 

Note on The ResaU of lahm “To these [|the poets] may be added a constant 
perusal of portions of the Old Testament -- the Paid^ the Book of Job, the 
Prophet Isaiah, and others, the sublime poetry of which filled him with delight ” 
[Cf also Mary Shelley's note on t*romeiheu$ l/nhound 1 

Her in Shettey and Mary, n p, n d, Vol if (1820) 

Saturdayt Jan 1 —Read livy, work Shelley reads the Bible, Sophocles, 
and the Gospid of St Matthew to me” (p 467) 

“ Wedfuidayt Jan 8 — Shelley reads Sophocles, the Bible, and 'King John * 
Piniab Proverbs, Ecclesiastes, and Solomon's Song” (p 471) 

“ Wednesday, e -- Shelley returns from beg^m, he reads Isaiah aloud 
to me” (p 473) 

“Tuesday, March $4 — SheUey finishes IIm 'ILeviathan' of Hobbes, reads 
the Bible aloud” (p 483) 

1 am including only these entirely authoritative statements, although I 
would fully credit in thti matter the statements of Hogg, Medwin, Hunt, and 
Dowden 

* The first mention of the Address stands in a letter to Kliiiabeth Kitchener, 
January 20,1811 This work was being printed op February 20,1812, just sereo 
days before BlieUey wrote to Mias Hitebener that he had “often thought” el 
compiling the BdiM Bviraets The Proposals did not leave the press until 
Mai^ 4, or five days after he had had Hie other “Uttle work in eontemplatfian^” 
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tbat in writing the Address ho took **pains that the remarks which 
it oontauks t^ould be inteibgible to the most uneducated minds — 
In so doing 1 have but translated my thoughts into another lan¬ 
guage That other language, I do not doubts uas the language of 
St Paul and of the great Teacher whom Paul emulated 

Beyond the matter of language it is to be observed that the 
principles which Shelley conveys to the Irish are in many respects 
drawn forward either directly or indirectly from the Sermon on the 
Mount His statesmanship, which has suffered no fatal divorce 
from ethical science/' ^ is briefly this To win freedom be pure in 
heart, resist no evil, love your enemies, and in that love bring peace 
Upon these basic appeals the countless changes are rung, and he 
who runs may hoar them throughout the documents 

1 stress this matter because 1 want to make it patent that Shelley 
IS drawn by intense passion to one single purpose at the very time 
he conceives of his poem and contemplates his compilation, and it 
were a strange thing indeed if, set m a single purpose, he should 
write a poem largely to promulgate Godwimsin and French philoso¬ 
phy, and compile the Biblical Extracts to disseminate ''all the good 
of the Jewish Books,or ”the moral sapngs of Jesus Christ ” 

in 

In turning to Queen Mah I should like, first, to consider the general 
similarities in principle existing between the poem and the traditional 
convictions of the Hebrews and, secondly, to note any spcoifio simi¬ 
larities existing between the poem and the Bible It is m a general 
way true that the passion for social righteousness so warm in the 
young poet was traditional among the prophets and with Jesus 
They, too, cried out against oppression and for brotherhood, they, 
like Shelley, tended to objectify oppression in certain functioBanes 
and institutions It was natural th&t the nomadic Hebrews coming 
in contact with the more commercial peoples established m cities 
abng 1h» trade routes of Palestine should in moments of high racial 
obnsdousness be critical of the ways of the IMistines And as the 
Hebrew race began to lose its identity through mevitable fusion with 
the '^heathetis/' it was natural that the more inspired of those to 

V letter to Haiisbeth Kitchener, January 7,1813 "The most fatal error that 
ever happened la the world was the separation of politioal and ethical selenoe ” 
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whom the laws of the iribal Jehovah were precious should speak 
against the evils of the latter days The basic racial conflict was 
often objectified m prophetic charges made against local baals 
(owners or lords) maintaming themselves richly in a commercial 
ciMlization supported by sympathetic ecclesiastical, judicial, and 
military groups In brief, the prophet of the true God, being at 
heart a noma<iic tribesman, spoke fiercely against kings, pnnees, 
and the nch associated with them He attacked judges who were 
not merely elders of the tribe called ujxin to see that man should 
deal justly with man, but who were specialised functionaries manipu¬ 
lating an Intnrate legal system for the convemence of the jxiwerfu! 
With a peculiar and an instinctive antagonism he attacked priests 
who were the ecclesiastital supporters of monarchy and things as 
they were ” Having sensed how the oppressor maintained himself 
on the one hand by controlling the administration of earthly laws 
and on the other by regulating the ministrations of the heavenly, 
he poured his wrath upon the tyrant, withheld himself from the ‘*red 
slayer,^' and anticipated those times when war, the great instrument 
of the tyrant, should be no more Fmally, being caught by despair 
over the insouciance of men, the prophet sublimated his dark agony 
into a philosophy of love 

I submit that these antagonisms and this sublimation were es¬ 
sentially the same as those of Shelley 1 do not suggest that he 
denved his convictions or his hopes entirely from the Scriptural 
source, or to any exact degree from that source Shelley was Shelley 
There was, too, a French revolution, and there were philosophies of 
that revolution The young poet knew these philosophies, and m 
1812 and 1813 he seemed to respond in some measure to them 
Further, many of the tenets of these philosophies cannot be sharply 
distinguished from certain principles of the prophets It is a mixed 
matter Yet it is difficult to avoid concluding that there are general 
similarities m pnndple existing between the young poet and the 
prophets • 

This conclusion can only be supported by a glance at the Biblical 

* These slmUfunties will be made clear by the foUowmg parallel readings 
1 Samuel 8 10-18, and Queen Mah lU 80-83, 87HH), 118-132, IV 237, 245 
Amos 6 1,4,6, 3 15, 9 2, Isaiah 3 15, 6 8, and Queen ATab V 53-30 
Zephaniah 3 3, Amos 2 3, Mioab 7 2, 3, and Queen Afob IV 196-207 
Hoseae 9, Malachi2 1, 3, and Queen Afob Vll 4A-46, IV 104-107 
Isaiah 2 4, and Queen Mah IV 16^169 
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matcnalfl used more directly in the ixiem Although it may justly 
be felt that some of the follow mg parallels arc little more than 
commonplaces, yet if there does exist anj real parallelism between 
what Shelley may ha\e been collecting into his Biblical Fxtracts 
and what he was wnting into Qimn Mabj then we must give it 
consideration 


The Hihle 

1 ' And nonr atno the axe is laid unto 
the root of the trees therefore 
every tree which bnngeth not 
forth good fnnt i« hewn down ** 
— Matt 3 JO 

2 the pestilence that walketh 
in darkness ” — Ps 91 6 


3 *‘Tbe Spirit of the Lord m upon 
me, liecauBC he hath anointed roe 
to preach the gospel to the jioor * 
* lake 4 18 


4 ^*One generation iiasseth away, 
and another generation cometh 
but the earth abideth for ever ” — 
Eccles 1 4 Cl*’or the oomplete 
quotation of Eocles 1 4-7, see 
Shelley a note ] 


5 a perfect and just measure 

shall thou have ” — Deut 25 16 

fl "The fool hath said in his heart, 
There is no God" —Ps 14 1, 
53 1 


7 " he CMoses] slew the li«gyp- 
tian" —Kxod 2 12 


S CSoeOen l-nS] 


Quetn Mah 

1 IjCt the axo 

Strike at the root the tauson tree 
will fair' —IV 82-83 


2 The pestilence that stalks 
In gloomy triumph ' — IV 188- 

189 

3 " Look to thyself, prnsst, ronq ut ror, 

or prince 1 

Whether thy trade is falsehood 
and thy luste 

Deep wallow in the earnings of the 
poor, 

With whom thy Master was ' — 

IV 237-240 

4 "Thus do the generations of the 

earth 

Go to the grave, and issue from the 
womb, 

Surviving still the imperishable 
change 

That renovates the world" — 

V 1-4 

5 “In just and equal measure alt is 

weighed ” — V 235 

6 “‘Weep not, child!* cried my 

mother, ‘for that man 
Has said, Them is no God — 
VII 12-13 


7 “A murderer heard 
His voice in Egypt * — VII 105- 

101 

8 


“From an eternity of idleness 
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9 [In the footnote* to A Ref utntton of 
Dttam Shelley has left an ample 
record of his readinK the Hebrew 
history of the conquest ] 


10 [Shelley’s note on this (lasaage, too 
long to be entered here, oontAlns 
Biblical matenn! which obviously 
should be used in a parallel study 3 


U For many are railed, but few are 
choeen ” — Matt 23 14 

12 “ he treadeth the winepress of 
the wrath of Almighty <3od ” 
— Rev 19 15 


I, God, awoke, in seven days' tod 
made earth 

From nothing, rested, and created 
man 

1 placed him in a Paradise, and 
there 

Planted the tree of evil, so that he 
Might eat and perish” — VU 
106-lU 

0 “Here 1 command thee henoe to 
lead them on, 

Until, with hardened feet, their 
conquering troops 
Wade on the promised sod through 
woman's blood” —VII 117- 
119 

10 "One way remains 
1 will beget a Hon, and He shall 

bear 

The sms of all the world, He shall 
arise 

I n an unnoticed comer of the earth, 
And there shall die upon a cross, 
and purge 

The universal crime ' —Vfl 134- 
139 

11 “Many are called, but few wiU 1 

elect" —VII 156 

12 “ Drunk from the winepress of the 

Almighty's wrath " —Vn 218 


In Queen Mtib ihe verbal echoes from the Bible and the ideas 
borrowed from it, ranging as they do from Genesis to Revelation, 
not only enhance the signiRcanoo of the more general sinulanties, 
but also support the thesis that m wnting the poem Shelley did not 
divorce his mind from (he Biblical material over which he was 
siraultanoouely working However light or weighty one may think 
these similarities to be, they should make it unnecessary any longer 
to regard the poem as largely a versification of Godwinian and 
French philosophies 

IV 

We now come to an interesting speeulation What did the 
Biblical Extracts contain? I wish to draw my suggestion from two 
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tables Table I indicates the number of instances in all Shelley^s 
work — romances, letters, notes, prefaces, essays, poems, anrl prose 
and verse fra^pnents in which he in some manner either employs 
Biblical matmal or makes reference to the Bible These instances 
are registered according to books, preference is given to the more 
probable book when two are involved and to the most probable 
when more than two are involved In establishing the preference 
accuracy can sometimes be no more than approximated Further¬ 
more, the instances are arrangc<i in six columns under six heads, the 
first three of which respectively indicate that some idea from the 
Bible 18 usctl and approved, or used but disapproved, or used in a 
neutral way The last three, in order, indicate references fa\orable 
to an idea, or unfavorable, or neuter ♦ In the first three columns 
there is cither a direct use of Biblical language or m some few in¬ 
stances an indirect use of it For the sake of compactness 1 have 
included in the tabulation only those books the matenaln of which 
ha\e been used or referred to at least five times 

* In ordor that these classifications may be the clearer, I wish m each case 
to offer a type illustration 1 select these from the prose although the principle 
of classification is the same m the poetry The symbols are explained m <on- 
oeotion with Table 1 

3 + "Depend, then, not upon the proroisM of Prmces "— Address lo iAe 

ItxbH 

"Put not your trust in princes ” — Ps 146 3 

2 — "1 will admit that one prediction of Jesus Christ has been indisputably 

fulfilled I oowe not to bring peace upon earth, but the sword ” — A 
UeJxUahon o/ Detsm 

*‘I came not to send peace, but a sword " Matt 10 34 

3 0 "You are 'the deaf adder that stoppeth her ears, and harkencth not to 

the voice of the charmer ' — I^ter to EUrabeth Kitchener 
"They are like the deaf adder tliat stoppeth her car, Which will not 
harken to the voice of charmers " — Ps 68 4-6 

4 R-h "Even when recommending Chrlstiamty you cannot forbear breathing 

out defiance, against the express words of Christ " — bolter to Robert 
Southey 

I assume that the reference here is to Matt 6 44 " bove your enemies ” 

6 R — "The loathsome and minute obscenities to which inspired writers per¬ 
petually descend might corrupt, were they not so flagitious as 
to disgust" — A Refutation of Dmom 

6 RO "It describes the result of xny battle with their Omnipotent Ood, his 
pulling me under the sea by the hair of my bead, like Pharaoh " — Lettei 
to 0 and J Ollier 
Reference Rxod 14 28 
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TABL^ I 

COMPLBTF I IBT Ol. BlfiUCAL PaBSAOKB U«BU Or HEFeARKD Tt) Blf *^«ELl.By 

P - PrfMW 0 - Idea used m a neutral way 

V - \ora6 U -f • favorable reference to an idea 

+ - Idea uged and approver! K ^ Unfavorable reference to an idea 

“ * Idea u*ed but diaapprovod R 0 •• Neutral roforetu© to an idea 


Old Testamfnt * 

+ 

- 

0 

R + 

U- 

U 0 

Genesis 

1 P 


OP 

2 P 

4 P 

4 P 



1 V 1 

12 V 


1 \ 

2 V 

fxodiu 

1 P 

2 P 

a p 



1 P 






2 V 

1 V 

Deuteronomy 

IP 

2P 



1 P 



' ^ ^ 


1 V 




Joshua 


2P 



2P 

1 V 

I Chronicles 



1 p 



2 P 




1 \ 




I-II Samuel 

1 P 

1 P 

2 V 


ap 


I-II Kings 



i V 

i 


1 P 



2 V 



2 V 

Job 

1 P 

1 P 

8 P 

2 P 


1 P 

3 V 


9 V 


IV 

1 V 

Psalms 

6P 


6 P 







8 V 




Fcclesiastes 

2P 

2P 

11 P 





4 V 


a V 



1 V 

Isaiah 

7 P 


2P 



2 P 


4 V 


2V 




Nbw Testament t 







Matthew 

41 P 

4 P 

35 P 

lOP 

3 P 

3 P 


22 V 

2V 

32 V 

1 V 

2 V 

2 V 

Mark 



a p 


a? 



2 V 


2 V 




Luke 

3 P 

2P 

10 P 

2 P 

2P 



3 V 


8V 


2 V 


John 

4P 

1 P 

; 11 P 


4P 



6 V 


5 V 

3 V 


IV 

Acte 

4 P 


1 P 

1 P 






2 V 




Homans 

1 P 

1 P 

1 P 



1 P 




IV 




I Corinthians 

OP 

1 P 

1 P 





1 V 


6V 




Galatians 

4 P 


1 P 


i 



1 V 





1 V 

Uevclailon 

1 P 


4 P 







12 V 





* In addition roaulU for the following books are uidioatod Ntunbors -IP 
OlV Proverbs02P Song of Holomon 01V, EsaklolOlP IV U-3P 
Daniel 0 I P , Hosea R - 2 P Amos *f 1 V , Mioah + 1 P , -IP OlV In¬ 
cluding these figures with those idvcn in the table for the Old Testament we have the 
following results 107 P 68 V . total 176 

t In addition results for tne following books are indicated Ephesians 0 1 V « 
Coloislans + 2 P -IP Phiiippians + 1 P , Titus + I P + 1 V Hebrews 
+ I V 0 1 P » I Peter + 1 P 0 1 P I John + I P + I V , James + 2 P 0 1 P 
Indudmg these figures with those dven in the table for the New Teatament we have 
the following results IBO P 120 V , total 300 The grand totals of Table I are 
for prose 287 for verse 188 and for both prose and verse 476 
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If, now, alike from the Old Testament and from the New we 
select the fi^c books indicating the greatest ust and reference, we 
shall have the basis for Tabic II Ihis table indicates the number 
of times the Aanous chapters of the most highly preferred books 
are m some part used or referred to, either m a neut-tr or in a favorable 
way Irom this table tlu negatue has been excluded It shows 
us, then, rather specifically the preferred portions of the prefernaJ 
books, and ma\ serv e as the basis for the sfieculation w hieh we wish 
to make I hasten to say, however, that I do nut tlunk that we 
can regard the mere number of uses and references as anything 
more than indicative As wo art familiar with Shelley's fondness for 
both Isaiah and Job the tabulation will, at these points, seem to 
declare its madeipiacy There is also the question which must be 
raised about the accuracy of using materials from works written after 
the Bthlical Extracts was prepared The expedient, even though it 
IS qualified by retrosupposition, apjaais to me to have this in it^ 
favor It offers us a much more ample body of data than would 
the consideration of those few let ters, documents, and poems written 
before December 17, 1812, and, further, it does not seem to involve 
us in a contradiction of any of thow Biblical mfluences becoming 
apparent before that time, but seems rather to strengthen our con¬ 
clusions It does not, I believe, change essentially but rather fulfills 
the proportions of those influeniea Pina]l>, I am including the entire 
Bible in the investigation since this procedure will satisfy the con¬ 
dition of Shelley's having used *‘all the good of the Jewish Books " 
*‘The moral sayings of Jesus” can easily be placed withm the larger 
frame 

Reverting to Shelley's first mention of the Bihhcal Exiracl^ we 
recall that two different works were adumbrated The first was 
intended to make the waverern between Christianity and Deism 
“reject all the bad, and take all the good, of the Jewish Books ” 
The second was less ambitious, “a little work” designed to present 
“the moral sayings of Jesus Christ selected from the mystery and 
the immorality which surrounds them ” If we study our table with 
a view to determining what the larger work might have been, we 
may in a general way feel that the data corroborate what we should 

Tha HefUtiaHtm of Dmm (18U) would seem m part to meet thU detogn 
It is at least speeifio and pronounced io rejecting some of *^ihe bad of the Jewish 
Books" 
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* Ti^niwaem beyond C^pbet 24 we Job31 1\ 383P 391F 41 IF Psalms 361P 57 1Plv 90] 

103,2P 1301P 140 IP 140, 1P Ismab 34,1P 361P 531P2V fitattbew 2ft2P7V 277P8V 
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naturally expect In the Old feetament, aa Mary Shelley specifietl 
in her note on The Revolt of I slam j it was *‘thc sublime poetry of 
the Psalms, the Book of Job, the Prophet Isaiah'^ which filled him 
with delight ” His constant penisar* of Job led him, in his Essay 
on Chrxsiiamtyf to refer to it as “the sublime dramatic poem“ which 
had familiarized the imagination of Jesus Christ “with the boldest 
imagery afforded by the human mmd ” Ecclesiastes, he further felt, 
“had diffused a seriousness and solemnity” over that same divine 
imagination I should, however, question the inclusion of Genesis 
since It IS largely the matenal of Chapters 1, 3, and 4 i^hich ongage<} 
his mmd, and that m a way distmolly neuter So far as the Old 
Testament is concerned, therefore, 1 should suggest that the Bthhml 
Extracts might have included Job and Ecclesiastes entire, a con¬ 
siderable selection from Psalms, and those chapters of Isaiah which 
are spmtually the most imaginative or whu h arc wannest with the 
essential social passion of the prophets If matcnals from tlie New 
Testament were used, 1 should suggest that beyond a synthetic 
selection from Matthew, Luke, and John there might have been 
passages culled from the Pauline epistles, those passages particularly 
in sympathy with the “sayings of Jesus Christ,” of which 1 Corin¬ 
thians 13 would be an example The omission of James m the New 
Testament is as difficult to account for as the omission of Amos m 
the Old 

If, however, we study the table with a view to determining what 
the “little work” might have contained, we may feel more certain 
of our conclusions First, we are told that it h to contain only “the 
moral sayings of Jesus Chnst selected from the mystery and the 
immorality which surrounds them ” The work, then, will not include 
anything outside the Gospels, and it will not, in all probability, 
molude anything from Mark, which seems to have leh Shelley's 
imagination cold The nuclear book in the synthetic study wnil be 
Matthew John will be used to supplement the more spiritual p^fts 
of Matthew, as will those parts of Luke which are free from the 
mystery of the virgin birth and the miracles The core of the com¬ 
pilation will be the Sermon on the Mount I would say, to be as 
definite as I can be in a brief way, that the Sermon would be the 
touchstone by means of which material would be tested for either 
inclusion or exclusion from the Bibheal Extracts The data of 
Table II indicate in part the material that had the greatest proba- 
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bility of being included/^ and that, as I have said, is the material of 
Matthew 6- 7 

It is my opinion that if the Btbltcnl ExiracU are reeovered they 
ivill be found to the ‘^httle work," and that the "little work" 
will contain principally a synthesis of "the moral sayings of Jesus 
Christ," just as Shelley wrote And were it such a work it would 
aid us not only in understanding some of Shelley's inspiration in 
writing Queen Mab but in understanding better the full development 
of his social and poetic genius 
Univkhbity or Michigan 

I wntUd mvite especial attention to the parallel study of the Gospels 
begun in Shelley’s notebooks now in the Huntington Library 
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F rom October, 1931, to October, 1933, sixty problem children 
were referred to Western State Teachers OolUge for study In 
view of this responsibility the first aim of the clinic is service to the 
community, the second is cooperative research on the part of faculty 
members, centering not only upon diagnosis but remedial treatment 
as well, and the third la the training of a limited number of com¬ 
petent students in dealing with psycho-educational problems which, 
perhaps because of mass instruction and social and economic stress, 
seem to bo increasing in number 

INt IDENCt AND SOURCES OF CASE^ STUDIED 

The sixty cases mentioned were referred from the public schools, 
parents, relatnes, and hocial and health agencies in areas adjacent 
to Kalamaroo Tables I and H show distributions of chronological 
and mental ages of these children Table III presents a distnbution 
of I Q ^8 for the same group In Table IV are listed the most com¬ 
mon complaints in order of frequency In several cases two or more 
difficulties were associated 

PROCEDURE FOLIAJWED IN Dl»ALINO WITH CASES 

Problems of ^ anous tj pes of maladjustment referred to the clinic 
are first handled by the Department of Research In each case a 
careful and somewhat detailed history is obtained which consists of 
(1) a defimte statement of the problem, (2) family history, (3) de¬ 
velopmental and medical histoiy, (4) school history, and (5) cltmcal 
data comprismg anthropometric and educational measurements, re¬ 
sults of Blnet and perfonnanco tests, and, in certain cases, reports of 
psychiatrist, physician, or eye specialist After the case history is 
fairly well completed the problem is referred to some member or 
members on the staff best fitted by traming and experience to handle 
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TABLE I 


Distbibution of 

Casks by Ohbonolooical Aob 

C A 

18-20 

Frequency 

Fercentage 


16-17 

8 

13 


12-14 

21 

36 


0-n 

19 

32 


6 a 

12 

20 


3-6 




Total 

60 

100 



TABLE II 



DiaTBlBUTION 

OP Cxsias BY Mvntal Aob 


M A 

Frequency 

Percmiage 


16-17 

5 

9 


12-14 

16 

26 



23 

38 


6-8 

15 

25 


3-6 

2 

3 


Total 

60 

100 



TABLE III 



Distbibution of 

Casks by Intkluoenojb Ijbvkl 

IQ 

Frequency 

Percentage 


Above 130 

1 

2 


110-120 

11 

18 


90-109 

25 

41 


70-89 

18 

80 


Below 70 

5 

9 


Total 

60 

100 



TABLE IV 



Classification of OAsaa Studibo 


Type of difficulty 

Frequency 

Heading deficiency 



31 

Physical defects 



7 

Menial retardation (marked) 


7 

School retardation (could be applied to most oases) 

5 

Anthmetio difficulties 



2 

spelling defiolenciee 
Cflasslfioation 



2 

7 

Social maladjustment 



6 

Speech defects 



3 

Korvousneos 



2 

Marked malnourishmeni 



1 



Cltntcal Sermce at a College 

Ci*AfiwxFiCATiON OF Cabjbs Sthdied (Continued) 
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BSHAVIOB 27 (total) 

Stealing 2 

Diflobe^enoe, rebelliouaneM, etc 5 

Fighting, bullying 2 

Lasmefis 2 

Disbke for school (attitude) 5 

Setting fires 1 

Need for sex education 1 

Mother dominance or pampering 8 

Flighty attention 4 

Temper 1 

Irregular school attendance 1 


it Some casej3 are dealt with by faculty meniibers only, and others 
are assigned to certain students who make home visits, gather data 
from vanous sources, and carry out remeillttl suggestions under the 
direction of the staff adviser 

After sufficient study of the problem has been made, and after 
wntten consent of the parents or guardian has been obtained, the 
case is reviewed at a staff meeting All information available is 
presented by the faculty member m charge or by a student under 
his supervision Frequently the child is brought before the group 
for questiomng and for the purpose of demonstrating certain abilities, 
disabilities, and reactions An attempt is made to formulate a tenta¬ 
tive diagnosis and to outline remedial procedures Stenographic 
records of these meetings are kept for each child studied The 
staff recognizes four major types of cases those in which (1) the 
mam responsibility should be earned by some faculty member alone, 
(2) the responsibility for diagnosis and treatment should rest with 
a psychiatnst, (3) careful study is required, but with remedial treat¬ 
ment left in the hands of parents, teachers, or social worker, and 
(4) various forms of advisory service are required 

TENTATIVE EVALUATION 

No objective criteria of satisfactory adjustment have been set up 
for the evaluation of remedial treatment However, the term ''satis¬ 
factory adjustment” has been used to indicate that the original 
problem of Uie child has disappeared and that a normal relatlqn- 
ship has been established, "partial adjustment” m cases in which 
the basic problem was cleared up, but in which certain new problems 
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arose to threaten normal relationships bet^veen the child and his 
environment, “ummpro\cd’' to indicate that the underlying causes 
of the maladjustment have not been removed or modified by treat¬ 
ment In problems involving educational malmljustment, objective 
measures are given to indicate growth, but in the so-called behavior 
problems judgments given by parents and teachers are the only 
means of evaluation and these at best are subjective Of the sixty 
children studied at Western State Teachers College 25 per cent were, 
according to these standards, satisfactorily adjusted, approximately 
52 per cent were partially adjusted, and 23 per cent showed no 
improvement whatsoever biniilar results, evaluated in much the 
same manner, are reported by Lowrey and Smith at the Institute 
for Child Guidance in New York C ity * 

INTROOLCTION 

A reading case classified as ^‘partially adjusted” was referred to 
the staff by a father because of his son^s unsatisfactory work in 
history ami geography ami because of his inability to read The 
case 18 briefly summarized as follows 

John IS a likable boy, thirteen years and seven months of age 
He has a quiet, retiring dis{X>Bition and is as much at ease when 
conversing with strangers as with fnends He is very sensitive, 
easily offended, and appears quite lacking m a desire to fight for 
his place He is well mannered and has none of the boisterous traits 
that are often characteristic of Jus age He is passively interested 
m boys as playmates, but likes scouting activities and out-of-door 
sports His home is one of the best in the city, and his mother and 
father, who are both college graduates, are interested in the welfare 
of their children 

INTELWGKNCi- ANO FACTORS AFFECTING PERFORMANCE 

A brief summary of clinical data Indicates average intellectual 
capacity The mental ago, as determined by the Binet-Simon, is 
fifteen years and one month and the intelligence quotient is 112 
The form boards as well as the Binet show average innate capacity 
On these tests his median rnentai age is fourteen years and the median 
percentile is fifty Scores on the Knox Cube Test, substantiated by 

* bowrey, h O, and Smith, Geddes, The InsMuie of Chid Guidance, 

The Commonwealth Fund (New York, 1933), p 66. 
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lat«r tests, suggest poor visual memory Both right and left hands 
were used m completing the form boards, and in t\st> instances re¬ 
versals were made on the Cube Test foresight and caution may be 
inferred from the results of the Portcus Maze Supenor ability to 
analyze a situation and to sense relationships is suggested by achieve¬ 
ment on the Healy Pictorial II The Oates Perception Tests ’ 
indicate normal ability to pcrctive and select geometrical figures 
However, extremely low scores were obtained on the tests involving 
the j^rception of digits and words With the exception of these 
tests the measures indicate average performance and suggest ability 
to do satisfactory academic work 

A study of family history, home conditions, dcvtlopmental 
liistory, and present health status shows no factors which in any 
way interftri with the child’s ability to do satisfactory school work 
Visual and auditory acuity are nonual, and eyc-preference tests 
indicate left-eye dominance A careful physical examaution re¬ 
veals that in all respects John m decidedly above average in physical 
development No evidence of glandular disturbances was found 
Anthroiwmetno measurements furnish evidence of superior physi¬ 
cal development and suggest average intelligence and a tendency 
to put forth but little effort m activities inv^olving volition Right 
and left gnp are decidedly below average In addition to the usual 
childhood dise-ases, such as measles, mumps, and chicken pox, lohn 
has hod an acute attack of appendicitis which has necessitated the 
removal of his appendix He walked at the age of thirteen months 
and talked at the age of twenty months He is left-handed, but 
has been taught to use his right hand for many purposes such as 
throwing a ball and writing 

SCHOOL HISTOIiY 

John entered kindergarten when he was five and ouo-balf years 
old and, according to school records, he made a very satisfactory 
adjustment emotionally and socially, but from the beginning had 
difficulty m learning to read, which, according to his teachers, was 
explained by his inability to talk plainly In spite of this deficiency 
he made normal progress until he entered the third grade At this 
level he failed to be promoted because of spelling and reading dis- 

* Gates, Arthur I, Tht /mproww«il o/ Heading (The Macmillan Coropiwiy, 
New York, 1929), pp aSe-398 
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abilities His mother and teachers report a marked tendency toward 
reversals, and it w as at this stage that John acquired a distaste for 
reading He passed the fourth, fifth, and sixth grades normally, but 
still showed marked deficiency m reading He has smce entered 
junior high school and his grades for the first year were English 
mathematics social science general science “G/' 
art “A/’ physical education “B,” and pnntmg '‘B However, m 
spite of these marks, his score on the Sangren-Woody Reading Test, 
June, 1932, was that of a child two months In the fourth grade, and 
his only interest in readmg was that which dealt with mechanical 
subjects 

INlTlAli STATUS IN READING 

A survey of the results of reading tests indicates that John is 
decidedly below standard His average readmg grade, determined 
by certain results of Gray^s Oral Reading Paragraphs,* the lota 
and Word Discrimination tests, and from the composite score on 
the Sangren-Woody Reading teats is that of a child seven months 
in the third grade Assuming the expectancy grade to be that of a 
child five months in the seventh grade, the reading index is 0 49 or, 
in other words, John is reading only half as well as ho sliould 
read 

TENTATIVE DIAGNOSIS AND SUGGESTIONS FOR REICEDIAL WORK 

It IS assumed in this case that John is mtelligent (Bmet I Q 112, 
Performance 1 Q 103) and that he has a background of experience 
which would aid him in the Interpretation of printed symbols From 
a study of the perception tests it is evident that John’s abtbty to 
perceive geometrical figures and his ability to match these figures is 
normal, but that his abihty to match words with words is decidedly 
below normal No adequate explanation for this is possible unless 
it be due to mental set against readmg The physician’s report of 
normal visual acuity and the absence of muscular imbalance of eye 
muscles probably eliminates the physiological factor in the problem 
Careful observation of John as he reads shows (1) regressive eye 
movements with nine to twelve fixations per line, (2) marked Up 
movement and vocalisation, (3) a decided inability to attack imw 

^ Monroe, Morion, CMMreti Who Cannot Bead (Unlveralty of Chloago Press, 
Chioftgo, 1933), pp 18^197 



545 


Chntcal A^ertnce at a Colkge 

words, and (4) no satisfactory method of reading for content An 
analysis and a classification of errors mode on Gray’s Oial Read¬ 
ing Paragraphs and the Iota and Word Discrmi(nation tests is shown 
in Figure 29 A study of thoso data indicates that the significant 
errors are those of consonants, refusals, and words aided It is 
possible in this case that mental set against reading has bten es¬ 
tablished early by some unknown cause, and this attitude has inter¬ 
fered with the dtvelopment of satisfactory reading habits indicated 



ft 

Fia 29 Profile of error* 


by vocalization, regressive movement, and excessiv e fixations These 
too frequent fixations, due perhaps to inability to recognize and recall 
certain word patterns, may bo caused by poor visual memory Cop- 
sonant errors may be the result of carelessness and vocalization, 
but the outward manifestation of mner speech The picture indi¬ 
cates an interaction of four basic conditions (1) no satisfactory 
method of attacking new words, (2) inadequate reading habits, 
(3) no adequate method of reading for content, and (4) an un¬ 
willingness to master difficult tasks A bnef summary of disabilities, 
their basis of observation, and remedial suggestions are given m 
Table V 
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rABLE V 


SukCUAKY OF DtAQNOHlA 


Disability 


Basis of observation 


Remciiial suKgcstions 


Frequent refusals and 
words aided result 
inK from inadequate 
method of word at¬ 
tack 

Nmo to twelve fixa 
tions per line 

Frequent consonant 
eiT<trB 

VocaJiralion 


No ftdequtttt method 
of reading for c on 
tent 


S<*e profile of errors 
and results of sur¬ 
vey tests 

Actual counting with 
mirror 

Set profile of errors 


Observation while 
reading new ma 
terial 

Analysis of proced ure 
while reading his¬ 
tory and geogra 
phy texts 


Develop method of word analysis 
by looking at beginning and 
ending of words and by find¬ 
ing words within words Study 
words of subject-matter area * 
Construct and use practice ma¬ 
terials similar to that prepared 
by Presaey t 

Follow remedial suggest ions made 
by Monroe in Children Who 
Canmd Headt \yp 11(1-126 
Ignore for present 


Develop habit of using following 
proc^ure 

1 Make preliminary survey 

2 Notice carefully the type in 
which headings are printed 

3 Study tables, drawings, and 
graphs 

4 Watch carefully for technical 
words and master thcu* mean 
ing 

5 Find the main thought of each 
paragraph 

fi After preliminary survey and 
initial reading, recall content 
by reciting to self 

7 Stop alter each main section 
and associate new ideas with 
data already known 



• Prossey, li C , The Technical Vocabularies of the FuWtc Heihool Subj^ 
(Public School Publishing Company, Bloomington, Illinois, 1631) 

t Pressey, L C, A fi/omwl of Reading Rxerctses for Rteshmen (The Ohio 
State University Press, CJolumbus, Ohio, 1928) 
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RrMtniAL IHI-ATMFNT AND KhSrLTS 

An attempt was made to <le\elop a method of word analysis by 
lookinj; at the ending and beginning of words and by finding words 
within words The student m charge of remedial treatment fried 
to develop the n cognition and meaning of words in certain subject- 
matter areas such as history and geograpliy Iht Pressey lists were 
used for this puriw)se later an attempt was madi <o construct and 
use materials similar to those prepared by Presses m A Manual of 
Reading Exerciftett for Freshmen Ihese exercises were used to focus 
attention on thought patterns rather than on word configurations 
Hemedial suggestions made by Monroe* were used to thminatc 
consonant errors, and, since \ocahzation m this cise may aid com¬ 
prehension, it was Ignored 

After four months of remedial instmction, gi\en four periods 
each wtek for twenty minutes, ecjuivahnt forms of the Stanford 
Achievement Reading losts were adnunistcrod feiguificant growth 
of throe years m paragraph reading and of one year and five months 
in word meaning is indicated The Sangren-Woody Reading Test 
was not used on a retest because of its recent application m a test¬ 
ing program Later, m September of 1932, a grade seiire of b P 
was obtained on the Detroit Silent Reading lest Results of an 
equivalent form, applied in January of 1934, show a grade score of 
7 8, or a gam of 1 8 years It should not be assumed that these 
tests measure all the factors which make up reading ability or that 
remedial instruction was responsible for all the apparent gain Matu¬ 
ration, practice effect, and certain emotional factors should also be 
considered in interpreting this gain The following olwervations 
have been miwie by John's parents and teacher ht (1) has a satis¬ 
factory mcthoil of attacking new words, (2) has acquired the ability 
to read more satisfactorily for content, (3) has established certain 
satisfactory reading habits, and (4) according to the number of books 
taken from libranes, shows an increased interest in reading How¬ 
ever, eye fatigue and inability to proceed rhythmically f om line to 
line are reported, and it is quite possible that all the factors in the 
problem have not been adequately considered 

WlBSTURK StATK TiCACUKRfi COLLSaH 

Kalamacoo, MicniaAN 
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THE EXAMINEE DEFINES '\SHREWD” 


HENRY FEINBERG 

“OHKRWD” appears as the twoniy-third word m om of the two 
fifty-word vocabulary lists of the Stanford lie\ision of the 
Binet-Simon Tests According to Lewis M Tcrman (4), the ‘'vo¬ 
cabulary test was derived by selecting the last word of ivcry sixth 
column in a dictionary containing approximately 18,000 words, pre¬ 
sumably the 18,000 most common words m the language,” and the 
words m this test "are arranged approximately (though not exactly) 
in the order of their diflSculty ** In reply to criticisms Professor 
Terman (5) elaborated on the efficitncy of the vficabulary test m an 
article dcsenbmg a study of 631 children and 482 adults A high 
correlation between the results obtained on the vocabulary test and 
the mental ages for both groups was reported, with slight differences 
m those of the two sexes Therefore, it is reasonable to assume that 
the average individual of fourteen years should successfully dtfint 
twenty-five words in either of the two columns, or fifty words in both, 
and hence should be able to define correctly the word "shrewd ” 

The purpose of this paper Is to det< rmme, first, whether " shrewd ’' 
IS properly placed m order of difficulty, and, secondly, whether it is a 
desirable word to mclude m a vocabulary list that has, ui part, diag¬ 
nosis of mtclhgcnee as its aim 

THE POSITION OP “SHUPWO” IN A VOCABULARY LIST 

In 1918 Professor Tcrman (5) suggested that there were certain 
words m the vocabulary test, which, because they are affected by the 
personal equation, "should ultimately be replaced by others equally 
difficult but less troublesome to score ” Margaret V Cobb (1) dis- 
ouBsed the order of difficulty in connection with words of tne first part 
of the vocabulary and concluded that certain words which are more 
abstract m nature are more difficult, and hence should be rearranged 
if they are to be placed in the proper order Miss Gobble work, how¬ 
ever, was only with very young children, but she made the suggestion 
that work of a similar nature might be advantageously done with 
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other words of the \ocabulary list Selling and Stein (3), m a study 
reported m 1934, compared one hundred delinquent boys with a con¬ 
trol group of nondtlinqutnts, and found that m their scores on the 
Tcrinan \ocabulary list the former re\eakd an a\eragc retardation of 
one year as compared with the latUr group Whereas Ttrman (5) 
had reported a correlation e»f 0 91, with a probable error of 0 0046, 
when he correlated the achievement of children on the vocabulary 
test with their menial ages, belling and Stein found a correlation of 
0 78, with a probable error of 0 025, in the performance of one hun¬ 
dred delinquent boys 

Our present study was made on the basis of daia obtained from 
983 children and adults examined at the Mental Hygiene Clmic of 
the Jewish Social Service Bureau of Detroit Of these, 560 were 
females and 423, mahs Ihese were further divided into diagnostic 
eafegonos, according to intelligence groupings 13b superior indi¬ 
viduals, of whom 60 Wert fnnalen and 76, males, 423 normal, of 
whom 244 were females and 179, males, 174 dull normal, of whom 97 
were females and 77, males, 134 border-line, of whom 74 were females 
and 60, males, and 116 feeble-minded, of whom 85 were females and 
31, males The chronological age of the persons examintHl ranged 
from 9 years upward 

All examinee s were from homes in which English was spoken, and 
all were born in the United States and had lived hero all their lives 
Ail had attended public schools 

J A Magni (2) writes that **it is impossible to deny the value of a 
large vocabulary provided every word stands for a living, clear-cut 
idea Otherwise it will be so much menUiI baggage " With this m 
mind, let us examine the history and the current meaning of the word 
which IS the subject of our investigation 

The word “shrewd" has a history of varied meanings The Cen¬ 
tury Dtettonary and Cyclopedia reveals that there has been elevation 
of its stnse “from * cursed* through * mischievous, cunning* to 'astute, 
sagacious ' '* For a more elaborate history of the word we may refer 
to the New English Diciionaryj which is replete with meanings of 
“shrewd** now obsolete The word has been defined as “malicious,** 
“mischievous,” “wicked,** “depraved,** “naughty ** Animals which 
have evil dispositions and which are vicious and fierce were considered 
“shrewd ** “Cursed,** “poor,** and “unsatisfactory** were synony¬ 
mous with “shrewd ** A bad physical condition was a “shrewd** con- 
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dition IwontK \vcre called “shrewd" if fraught with evil or if they 
“had injurious or dangcroua consequences" “Shnwd" was used 
mterchaiigeably with “scNtre," “harsh," or “sharp" in describing 
winds or weapons A hard sound was a “shrewd sound * Signs of 
ill om* a or things ominous, persons who m re awkward or who 
scolded Wire di signal id by thi term ‘ shrewd " ^ From thest iman- 
ings ‘ shrewd" came to signify “cunning," “artful," “tricky" m th( 
more d( rog itory sens( until it teohedmtotlu imaning of “cunning," 
“sagacious," ‘ clovir," ‘ disciiminatmg," ‘sharp," or “ istutc" in 
the favorabli sense (Acte /^nghsh Duttmmry) 

Funk and Wagnalls New Siandatd Dutiomry of 1932 d< fines 
“shrewd" as “having keen insight, esptdaily in small or woildly 
matters, characttn/i d by skill at uiulerstunding and profiting by cir¬ 
cumstances, displaying keen discernment, sharp, sagadous, astute " 
Webster a New Iniernaiional Dictamnry of 1933 staters that “shri wel 
tmphe's nativf clevermsa, e>r sharpness of wit or judgmint, m practi¬ 
cal affairs", and includes “biting," “harsh," and “keen" as correct 
definitions 

1 h( reason for giving the history of the word will lx noted later, 
but for our present purposes the current and hence accepttbh dch- 
lutions, as listed by the st veral standard dictionaries, art those which 
have the more favorable sense 

To determine whether the* word is now in its approxunate ortlt r of 
difficulty in the list examinees were selected who were fourteen years 
or over and who, according to Ttimail's diagnostic categories (4), 
were either normal or suiienor He'sulta arc given in Table I 

Three hundred and twenty-five individuals of normal or suix^nor 
intelligence were asked to define “shrewd " Of these, 163, or W 2 
per cent, defined the word projarly Of those fourtejeu years of age, 
36 7 per cent passed the word, 30 per cent of the* females snd 41 4 
per cent of the males Of those fifteen years of age, 40 cent wtro 
Bucoessful, 4^ 8 per cent of the females and 36 4 per cent of the males 
Of those sixticn years of age or over, 66 4 per cent succeeded, 53 8 
per cent of the females and 63 4 pf r cent of the males According to 
Binet-Simon, between 66 and 75 per cent should be able to pass a 

* See The New CerUury [hetumary of the Englteh Language, A New English 
Dicttonary on Historical l*rtncipieit, and An Etymkogtcal Ihciionary of the English 
Language by the Rev Walter W Skeat, and The Cmlury OicHonary and Cyclo- 
pedta* 
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TABLE I 

PSSCKNTAai! OF PBRAONft CHRONOl/OOWAliLT FOOQTBIIN YdABS OF Ao* OR 

Ova« AND or Normal or Sopbrior Ivtbllwbncb Who 
S rCCESSFOLLT DsPtNBD “ShREWD*' 



.. 

Fomfttea 

Males 

Total 

Afe in 
vmi 

No 

taking 

t«0t 

PaeMd 

No 

talang 

test 

Passed 

No 

taking 

test 

Passed 

No 

Poroent- 

age 

No 

Percent¬ 

age 

No 

Percent¬ 

age 

U 

20 

6 

30 0 

20 

12 



18 

36 7 

IS 

32 

U 

438 

33 

12 




400 

16 or 










ovor 

166 

84 

538 

55 

35 



no 

50 4 

Tout 

208 

104 

600 

117 

50 

504 

325 

■ 

602 


test at any one chronological age level, m order to establish the 
validity of the use of the t&st (4) It would seem, therefore, m view 
of our findings, that the word shrewd is too difficult for children 
fourteen or fifteen years old, inasmuch as the required percentage of 
children in these age groups did not pass the test To determine 
more accurately where shrewd*^ might be placed so that it would 
be tn relative order of difficulty, examinees were selected who were 
fourteen years of age or over and who had superior intelligence 
Results are given in Table II 

Fifty-one persons, or 78 6 per cent of the sixty-flvt having superior 
intelligence, succeeded in defining the word This indicates that 
“shrewd*^ would be properly placed in the vocabulary list among 
those words given to superior adults, that is, beyond the thirty-third 
word m the vocabulary test, instead of being in the twenty-third 
place, as it is at present 

Incidentally, it is interesting to note that m the aggregate there 
were no important differences shown between the responses of the 
males and the females 

THB APyiBABILITT OF BKTAININO IN THE TEXT 

The second part of our paper Is mtended to determine the advis¬ 
ability of the use of “shrewd’* in the vocabulary test. For this pur- 
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TABLE II 

PKBCBNTAOIB of P»B 80 N 8 ChKONOLOOICAI LT FoVIiTBBN ’V8AR8 OF AqK OK 

Over and of Supbrior Intkluobnce Who SrrccBssrtfrLY 
Dbpinkd “Shrbw!)’' 



Femaloe 


Males 


ToUl 

Ago in 
years 

No 

PuMseti 

' No 

PoMOd 

No 

Passed 

taking 

twt 

No 

Percent- 

I age 

taking 

teat 

No 

Percent¬ 

age 

taking 

teat 

No 

Percent 

age 

U 

6 

3 

600 

11 

8 

72 7 

17 

11 

54 7 

16 

4 

4 

100 0 

5 

4 

80 0 

9 

R 

88 9 

16 or 
over 

28 

1 

23 1 

1 

82 1 

11 

9 

81 8 

39 

32 ' 

82 1 

Total 

38 

30 

78 0 

27 

21 

77 7 

65 

51 

78 6 


pose we carefully recorded and clas'^ified accordinic to the sex and the 
int^lligenco rating of the examinees all the wrong definitions given 
m the 983 tests In so doing wo soon found that the vast majority 
of these incorrect definitions were d< rogatory in characUr They 
related to rules of conduct, social bcha\ior, manners, appearance, 
mental states, and the like The list of definitions with derogatory 
meanings is as follows 

Cross, sngry, speak crossly, to snap out of hand, a person with a bad temper, 
all worn out, dirty, shabby, not drewed very well, sloppy, rude, impolite not 
polite, not courteous, lUmonnerly, not using courteey, interrupts butts la when 
another talks, discourteous, hurt peoples feelings, vulgar, impudent, mean, 
rough, cruel, not good, bad, throw something at somebody, stnet-Uke, not nice, 
coarse, not so good, ill way of acting, unkindly naughty, disobedient, severe, act 
hard, Impossibie, not frank, sneaky, not to do right, nervy, smother, throw things 
around, primitive, doing wrong, j^ous not pleasant, get fresh awful bad dress, 
bashful, not pay attention, obstinate, scared, to keep away, somebody don't want 
you, shun, out short, stuck up, snobbish, coot4ike, egotistical, timid, backward, 
stubborn, shy, one who doesn’t mind their own busmess, nosey, queer, withdrawn 
like, old-fashioned, mad person, odd, wild, untamed, peculiar, not knowing, not 
Up-to-date, irregular, dned-up like, eccentric, funny-looking, forlorn, mad, un-^ 
comfortable, ridiculous, tight-fisted, close, did not want, tore up, boastmg, 
stripped, bold, common, ignorant, somebody sues you, to throw away, don't like 
you, cut all up, one who has been shot 

"Rude," "mean," "impolite,” "bad," and "wild" were each 
used more than any one other mcorreot definition Though these 
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wrong definitions were derived from persons of all agas, that is» of 
nine years or older, the vast majority came from those of thirteen 
years or older 

Tabits III, IV, and V show the nuinlHr of casis in each diagnostic 
category, thi number di fining the word successfully, the pt reentage 
passing, the number who frankly admitUd th(y did not know, tlu 
numbir of rtspouses with derogatory meanings, thi number of re¬ 
sponses with nun-d( rogatoiy nnanmgs, the number of incorrect 
risponses, and the ratio of thr number of responses with derogatory 
meanings to the numlnr of wrong responsts given, first according to 
sex and then in total 

In the aggregate there seems to be htth difference m tlu propor¬ 
tion of the males and the ftmaUs passing the test and m tht ratio be¬ 
tween the nsponses with derogatory meanings and those incorrect, 
although tlun are some widt variations in the several groups, for 
which we cannot, at present, account For this n ason only Table IV, 
giving the results for all cases, will be discussed 

Of the 136 persons of superior intelligence 66, or 47 8 per ci nt, an- 
8wert»d corrtctly, 32 admitted they did not know, 39 gavt wrong 
rcsixinses, of which 31, or 79 5 jicr cent, carried derogatory meanings 
Of the 423 individuals of normal intelligence 125, or 29 6 pt r cent, 
answered corrtctly, 132 admitted they did not know, 166 gavt in¬ 
correct responst's, of which 148, or 89 2 ptr cent, were derogatory 
Of tht 174 persons of dull normal intelligence 23, or 13 2 per cent, 
defined shrewd*^ correctly, 66 stated they did not know its mean¬ 
ing, 86 gave incorrect definitions, of which 71, or 82 6 per cent, were 
derogatory Of the 134 persons of border-line intelhgenco 6, or 4 5 
ptr cent, defined the word correctly, 69 did not know the word, 69 
ga\ e wrong definitions, of which 68, or 84 1 pt r cent, were derogatory 
Of the 116 feeble-raindtKi ptrsons only one succtssfully defined the 
word, 77 admitted they did not know, 38 gave incorrect responses, 
of whieh 34, or 89 2 per cent, were derogatory Of the total of 983 
persona 220, or 22 4 i>er cent, defined the word correctly, 366 stated 
they did not know what it meant, 398 gave incorrect definitions Of 
these 398 responses, 342, or 85 9 per cent, had derogatory meanings 

It appears that many of the derogatory meanings are not unlike 
the obsolete or archaic meanmgs of the word We shall not, however, 
discuss the etiological factors involved in the situation, since any such 
discussion would lead us into the realm of speculation Whatever 
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TABLF III 

HeSPONHKS »Y JkMAIF ExAMINREft DkFININO * ShBFWD ’ ClABBIFJKD 
B\ PlAONOBTIC CaTEQORIEH 


N ** did not know W = i^rong B •• derogatory 


DtttgnoAtic 

group 

No 

Pasflid 1 



No 

Non D 



1 akin a 

tc«t 

No 1 

Percent 

axe 

No N 

No D 

No W 

Ration W 

Superior 

60 

14 j 

56 607 

10 

13 

3 

16 

81 250 

Normal 

244 

79 

diW 

67 

87 

U 

98 

HH 776 

Dull numiol 

97 1 

n 

11 402 

23 

39 

12 

61 

76 471 

border hno 

7t 

1 

4 054 

It 

35 

2 

37 

94 595 

FoebU'^mtndo 1 

ft6 

0 

0000 

55 

29 
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1 

35 
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77 
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38 
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the cause, it secma from the vaned responsea given that there is at 
present confusion as to the meaning of the word 

COVfLUSION 

From the data given we may draw the following conclusions 

1 The word shrewd'' is placed at a level in the vocabulary list 
that is too difficult for the av(rag< fourteen- or fifteen-year-old child 
It should be transposed, if used at all, to the level commensurate with 
the words listed for the superior adult 

2 Because of the evolution of the term ''shrewd'* in the English 
language, its moaning is rather vague to a great many people of nor¬ 
mal or superior mtelligence In order to have a valuable word for a 
vocabulary test, one conveying “a livmg clear-cut idea/’ as expressed 
by Magni (2), it appears that a term less equivocal should be sub¬ 
stituted for this one 

3 On the basis of these conclusions we may well ad\ ance another, 
that other words m the vocabulary list should be reetandardised on the 
ground not only that there may have la^en insufficient standardisa¬ 
tion at the time the words were placed m the list, but also that m 
time goes on words take on newer meaumgs and drop older ones 
Durmg the period of transition from older conceptions to newer they 
are unfit for clear-cut defimtion 

4 We also suggest that the method of selecting words at random 
for a vocabulary list for tho purpose of determming levels of intelli¬ 
gence will not be so valuable as a method which would include the 
study of each word in relation to its history and popular conception 
m the several geographical divisions and sociological groupings of the 
country Those words which reveal a more stable history and convey 
a more uniform idea throughout the several sociological strata will 
probably be more efficient m describing intelligence and have a more 
lasting value in a vocabulary test 

Mibntal Htoisnu Cuwio 

JSWISH SoClAl^ SbRVIOS BimSAO 

Detroit, Miobioan 
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WILLIAM— A BEHAVIOR PROBLEM 

IHEOlxmF S ^^NR\ 

W ILLIAM camp to our notice in flu summer of 1932 through a 
letter from the principal of one of the larj^er high Rchools in 
Bouthweastern Michigan Ihc result of this cornspondence was a 
visit to us by the father, which in turn was followe<I by a conferenn 
with both parents and by a clinical examination of the subject 
Through these conferences and the correspondence with William’s 
Ingh school principal we accumulated a rather lengthy bill of particu¬ 
lars, all revolving around an attitude of general irresponsibility 

William was reported to hive no sinse of obligation to do the 
work asked of him by hia teachers or to fxrfonn the duties laid upon 
him by his parents Ht was greatly gnen to rationalization and 
was ex(>eedingiy fruitful m excuses for his failures He maintained 
an attituele of insincerity At times he was a source of trouble in 
the classroom, engaging in vexatious and mischievous pranks and 
disturbing those around him Ihis had also been manifested to 
such an extent in the bunday school which he attended that the 
pastor of the church had called uixin William’s parents with the 
request that they no longer allow him to attend 

Although greatly annoying, none of these things would seem to 
be of very grave consequence, but all in all, in company ivith Wil¬ 
liam's extremely poor work in high school, they were sufficient to 
cause his father to decide that conditions must be forrteted What 
was really the exciting cause for tins, however, was the discovery 
that William had been engaged in the practice of stealing and selling 
golf balls, obtained by breaking into lockers belonging to different 
members of his father’s golf club, all of which the boy stoutly denied 
and continued to deny for a time, even after faced with incontro¬ 
vertible evidence of his guilt 

In brief summation, the case when bniiight to us presented the 
following elements calling for correction (1) flagrant dlsoljedlepte 
of parents, (2) almost complete lack of any definite sense of re¬ 
sponsibility, (3) an overbearing atUtude and a tendency to attract 
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attention to htmaelf through undesirable means, (4) failure m school 
work, and (5) petty theft, involving breaking and entering 

William was bom on May 29, 1917, and his chronological age 
when first we saw him was fifteen years and three months At that 
time he had nominally completed the sophomore year of high school, 
although with a very poor record, and was to be classed as a junior 
at the beginning of the next school year Physically, he presented 
the appearance of a boy normal for his age He is report/cd to have 
been veiy good-looking as a child and to have attracted the attention 
and interest of all those with whom he came in contact His present 
appearance is pleasing, and his manners are good The father reports 
that as a child William was tongue-tied, and he still shows a slight 
tendency to hsp Kxcept for a marked case of hay fever, his present 
health is very satisfactory 

Up to the time when he came to us William had always attended 
the same school system He entered kindergarten when he was four 
and one-half years old, was allowed to skip grade IB, and never 
failed of promotion in the grades His attendance has always been 
regular, and he has rarely expressed dislike for any of hia teachers 
Reports from former teachers show that he has always made high 
scores on intelligence tests, and that when he became interested, he 
did work of a high level of excellence 

So far as home conditions are concerned all the facts which we 
have been able to gather point to a family of culture Wdham's 
parents are both graduates from one of the larger univeraitias of 
the ^*Big Ten ** At the time of their first contact with ns the father 
was 38 years old, the mother was two years older* The father is 
a traveling salesman, who spends much of his time on the road, 
although not so much as formerly He is very exacting and has 
expected ranch of William William has a tendency to *Vork“ 
his mother, who is much less firm than the father and, in the latter's 
absence, is likely to be mdulgent Both parents are fond of society 
and ha\e had rather keen social desires William has a sister six 
years younger than he There are no other members of the family 

In our regular routine of tests of intelligence and personality 
traits the Stanford Binet gave an I Q of 112, with no ‘^scattering ” 
In the Pintner-Pattcrson Short Performance Scale his mean score 
lyas at the eightieth percentile for hts chronological age Responses 
to the Kent-Rosanoff Free Association Test ^owed a rather high 
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individualistic tendency, but not abnormally so An application of 
the Bemrouter Personality In\entory yielded results leading us to 
infer very good emotional balance, a high measure of self-sufficiency, 
marked extra version, and a very strong tendency to dominate other 
individuals in face-to-face situations 

In our attempt to set up a background from which William's 
undesirable traits might possibly ha\e emerged wo have been led 
to the consideration of several environmental circumstances which 
might have had some undesirable influence When William was 
about four years of age ht one day built up a pile of lK>xes and loose 
pieces of boards in the back yard and then went away, leaving it 
standing Later, while no one was watching, a younger sister 
managed in some way to pull this pile down upon herself, receiving 
injuries which caused her death For a long time after this William's 
parents upbraided him for his carelessness and its tragic outcome, and 
It was often held up to him as a lesson against his careless ways It 
IS needless to say that such a set of circumstances might have a most 
unfortunate effect upon the developing mental life of a young child, 
and on through the years of boyhood 

His mother's indulgence os compared with his father's sterner 
attitude might also be mentioned While the father was away from 
home the boy was under the gentler discipline of his mother When 
he returned, sterner measures were in order, but not consistently so 
Sometimes the father apparently would feel that he had been a little 
too severe with the boy and would show him considerable leniency 
To counteract this, very probably when the next need for discipline 
arose, remembering his previous leniency, he would go somewhat be¬ 
yond the bounds of reasonable severity 

Early in his school career, because of his attractive appearance 
and pleasing ways, William was given much favorable attention by 
hiB teachers, and this may have built up in him a somewhat excessive 
desire to attract attention, while giving him an excellent opportunity 
to praotioe that characteristic Ihere are facts also which readily 
point us to the supposition that the boy, early in life, was able to 
get about what he wanted from his teachers and parents, and indeed 
has had little opportunity to develop a sense of responsibility and 
even little need for domg so 

Another ciroumstanoe which seemed to us to be of some possible 
importance is that his younger sister is an out-and-out conformist, 
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always receiving good marks m school and never giving her teachers 
or parents trouble of any sort During his later years she has all 
too often been held up to him as a modeb and he has had to listen 
to far too many pointed comparisons between her excellence and hia 
general worthlessness 

Although our study of this case revealed many such interesting 
and suggesti\ e facts, it must be admitted that our findings, includmg 
the results of the intelligence and personahty tests, were far from 
being adequate for the formation of a satisfactory diagnosis They 
did lead us, howe\er, to certain tentative conclusions, which, con¬ 
jectural as they were, made up what might be called our preliminary 
diagnosis, which we state as follows 

1 lAck of obedienco may be due to acquired habits of response and a desire 
to attract attention by beinK contrary 

2 I a< k of responsibility may be due to hm feeling that he can still accomplish 
his purp<jse with the least jwssible expenditure of effort 

3 His stealing may be due to (a) financial stress and strain of adolescent 
boy with interest in a girl, (6) his previously mentioned lack of responsibility, 
and (c) the adventure of the undertaking 

Remedial indioaiions were no more definite or adequate than 
our diagnosis had been However, because of the nature of the 
situation, it seemed to us that a change of environment was at least 
worth trying Accordingly, at the openmg of the school year m 
September, 1932, we succeeded ui getting him enrolled in the high 
school conducted by Western State Teachers College, thus securing 
the further advantage of having him under our continued observa¬ 
tion In addition, a most excellent boarding home was found for 
him in a fanuly m which there were no children or any other boarders 
or roomers Here he was treated practically as a member of the 
family m a well-kept and cultured home, in the beet of social sur¬ 
roundings His problems were explained to the people with whom 
he was to stay, and they showed a most kindly and intelligent interest 
in him and gave us most efficient co6peratioa They did not allow 
him to take any undesirable advantages, and he was given to under¬ 
stand that he would be expected to discharge his personal responsi¬ 
bilities in a satisfactory manner Because of the poor record which 
William brought from his former school special permission had to be 
obtamed for his admission to our high school This, in turn, re- 
qmred that we in a general way acquaint the high school principal 
with the sahent features of the case 
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William soon made a \cry good adjustment to all phases of his 
new environment t<M)k interest m the (hws work and the social 
life of his new schtMil, and got on very >\ell in the home m which 
he Ined He created no disturbance m the school at all, was well 
spoken of by his teachers, carried a full scholastic load, and did 
better than average work in the subjects which he earned At 
mid-term he had a mark of “( + ” m each of his studies, and while, 
of course, this was not a high scholastic record, it was much better 
than he had achieved in his home high school the previous year 

William’s improvement continued until near the close of the 
twelve-week school term, when i sents of entirely unlooked-for 
events occurred In spite of careful investigation we had found no 
indications of accentuation of sex However, toward the close of 
the school term it was discovered that letters of a highly porno¬ 
graphic nature were passing between William and som* of his boy 
fnends m his home town To this we did not attach any gieat 
importance, thinking it perhips only a passing phiuse, not at all 
exceptional among boys of that age, and perhaps chiefly a boyish 
way of attempting to show off Incidentally, from these lett/ers we 
also received information to the effect that William, with a gang to 
which he had belonged, had during the previous summer practiced 
shoplifting activities in a numlier of stores in a larger city near by 
Shortly after the discovery of the letters the man of the house where 
William was staying, having noticed that he left at a rather late 
hour almost ever> evening on a mysterious errand, one evening 
followed him at a distance and discovered that he was engaged in 
going through the lawns of the neighborhood from house to house 
and peeping m at the windows 

The next outbreak of activ ity of tlus nature occurred only a short 
time later, when William, in company with another high school boy, 
was found in the basement of the women’s gymnasium, apparently 
seeking opportumty to gam a view of the shower room through a 
peep hole of some sort His excuse on this occasion was that he was 
looldng for an ax, but when pressed as to his need for an ox, or his 
reason for thinking that an ax might be found in that part of the 
building, he remained siUnt, or gave only confused replies As a 
result of this the father of the other boy made a vigorous protest 
against William’s continued presence in the school He was allowed 
to stay until the end of the term, finishing his work with a better 
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than “C*' average, but was denied admission thereafter Whatever 
may have been the advisability of this action, it was taken without 
our having any part in it, and thus direct contact with the case was 
lost It might be worth mentioning that, dunng the time we were 
concerned over this escapade, William was examined by a psychia- 
tn«t working under the Cousen’s Foundation in another city and 
was reported to present no problems worth mentioning 

Since his return to his home William has been subjected to a 
rather strict regimen instituted an<l earned out by his father, from 
whom wc hav e receiv ed for our files two lengthy reports setting forth 
his methods and his estimates of results obtained Because these re¬ 
ports present so clear a picture of the later stages of this history, 
I shall quote freely from them 

The first of the reports was written after the close of the school 
year, in June, 1933 After leaving our high school, just before 
Chnstmas, William had waited at home until the opening of the 
second semester of his homo high school This letter from his father 
covers that part of the school year 

Until we arrived home nothing was said about our knowing of his unsatis¬ 
factory conduct at your school or of the “gang’* activities here with which he 
had and even then indirectly w as, associated The letters that had 

como into our hands were then handed to Bill one by one This was fol¬ 
lowed by our telling him that we knew of all the things that had been going on 
at Kalainasoo and that because of them the authorities there would not permit 
him to re-enter that school I told him that under no condition was he to associ¬ 
ate with members of the clique that had been disclosed by their corre- 
spondence The result of this disclosure and [these] instructions was that 

this “gang” seems to have completely broken 

You will recall that from the confiscated correspondence we learned of some 
light-fingered work that had been done In by this group of boys The 

Saturday afternoon before Chnstmas he and I drew aU of his savings from the 
local bank and drove to There we went to store after store, told the 

manager just what had taken place some months before, and Bill with his own 
money paid for every article tlmt he could remember had been taken This was 
done regardless of whether or not he actually did the taking, for as he explamed, 
he was equally guilty even though In some instances he was merely with the 
others Since this there has been no further trouble of this kind although money 
and other valuables have been freely left about the house 

When school started January 33rd, I made a requirement of Bill that if 1 
were at home, he could not go to bed a single night until he passed my examina¬ 
tions If I were away, all lessons missed In each subject were to be passed to 
my satisfaction that week-end In all four subj^ts Starting with the very 
flnit school day he came home oompleiely unprepared In aU eubjects The first 
night we were up till after midnight, the second night till after two, the third 
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night until after three But each tune he answered all queationB to my satiafac¬ 
tion before he waa permitted to retire Of course the thought was that he would 
soon de< ide that this was a poor way to do and that then he would take advantage 
of every minute he had m school to become thoroughly prepared so that we 
could go through each subject m fifteen or twenty minutes, giving him at least 
a part of the evening for recreation and a chance to get to bed at a reasonable 
hour Instead of bis reason mg in that way though, he apparently was of the 
opinion that 1 would weaken and that in a short tune he would again have an 
opportunity to slide along and follow the line of least resistance Thus the 
enforcement of my requirement very soon became an endurance contest Through 
the latter jiart of January, all of February and March, and for about the first 
half of April there was no effort on his jiart to do any real studying in school 
nor to snap inUi his work when ho came home During that period of nearly 
three months, there probably were not more than one or two nights when he 
completed his work so as to be in bed before one o’clock There were many nights 
when we were up until three and four o'clock, some five o'clock, and one night 
when he was m bed only about an hour 

Enough of this letter has been quoted, I think, to indicate clearly 
the nature of the discipline to which William waa subjected dunng 
the semester m question In a word, he was held ngidly to a satis¬ 
factory performance of his school actmties, including class reci¬ 
tations, notebook work, reports, papers, outside readings, and 
supplementary work of every sort Ihe same procedure was ear¬ 
ned out m all cases of infraction of school citizenship, of which 
only two or three occurred Here he was compeiieii to assume 
complete responsibility and to make whatever restitution was asked 
of him Pnvileges were allowed him only upon condition of satis¬ 
factory work During the first few weeks of the semester his school 
marks were not at all satisfactory, but showed such improvement 
later that at the end of the semester he received a mark of “B" m 
each of his academic subjects — English, tngonometry, government, 
and commercial law - and lost the distinction of being on the honor 
roll only because of a in physical education He received a 
class citizenship mark m each class of “2/* and hw advisory citizen¬ 
ship mark was ‘*1,” indicating the highest degree of excellence 

Later developments are shown by the following quotations from 
a second report made to us at the close of the first semester of the 
present school year 

You will find attached Bill's weekly school record for the first semester of 
Uus year There is also enclosed a clipping taken from the local paper showing 
that his work for the half-year placed him on the honor roll BiU 

has secured these results with comparatively little attention on my part His 
mother has followed his work in French somewhat closely but not in a manner 
that would in any way comparable with our expenenee of one year ago 
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DunnK this semester, according to the father's report, there was 
very little misconduct at school of any major importance, and Wil¬ 
liam’s conduct outside of school was entirely satisfactory There 
was, however, still some trouble in getting him to follow instructions 
readily Hie final marks for the semester’s work were algebra, 
^'A”, English, “B”, chemistry, “B - ”, French, '*B - ”, hygiene, 
“B”, with a general citizenship mark slightly better than ”2 ” 

By way of summary, we might ask of ourselves two questions 
(1) What improvement has been made? (2) To what is the im¬ 
provement due? 

In answer the first of these we may say that improvement is 
indicated in the following ways 

1 1 here han t>een no further instance of theft 

2 There han been no rei)etitioD of any undesirable symptoms in the held 
of sex 

3 1 here has been a most rleeirable change In the nature of his associates 

4 There has lieen a marked change for the better m his conduct at school 
and at borne 

6 There lias been a great improvement m his scholastic record as revealed 
by school marks 

To answer the question why these changes have taken place is 
a more difficult task Some might say at once that they are most 
probably due only to the maturation factor, operating especially m 
the emotional field in such a way as to overcome the disturbances of 
a passing phase At best, our answers cannot escape being highly 
conjectural However, let us list our calculations 

1 We cannot attribute these changes to any set remedial formula, for we 
have not been able to discover one which might apply 

2 Neither have we made any attempt to use the methods of psychoanalysis 

3 In spite of its rather spectacular termination, we still tMnk that our 
short-lived experiment in environmental change was not a complete failure 

4 The breakmg up of the gang to which William formerly belonged and the 
substitution of more desirable aswiciates seem to have been wise measures 

5 William’s parents appear to be taking a greater and a more mtelhgent 
interest in him than ever b^ore 

6 If lequired to be categorical, we might say that the chief factor has been 
the rigid discipline imposed upon him by Us father This really has amounted 
to a process of conditioning or of refiducation, by means of 'ahich It would appear 
that habits and attitudes of Irresponsibility are gradually living way to more 
desirable patterns 

Wkbtsrn Statc TaACHsaa Contnas 

Kalamazoo, Miohioan 



A CASE OF SPONTANEOUS DIABErES 
IN THE DOG 

FPHRAIM B BOIDYRKFI 

P ANCRLA1IC diabctts rarely occurs m (logs In the ease ob¬ 
served the animal was aljout eight months old when the symp¬ 
toms were first noted, it remained under observation several months 
Lattr on it went throuj^h two terms of pregnancy, giving birth to 
three puppies, one of wlinh showed skeletal deformities sugges¬ 
tive of hydrocephaly and another of which died shortly after 
birth 

The dog was well built and manifesleil no outward signs of senous 
disease Its eyesight was defi<lent, however According to bvering- 
haus (5), visual errors become markefl at al)out the same time that 
the other evidences of diabetes appear 

The manifestations of diabetes - polyphagia, polydipsia, and 
polyuna — were pronounced The |K)lyphagia wtus transitory and 
alternated with periods of loss of appetite during which large quanti¬ 
ties of water were imbibed Diarrhea and \ omiting were also present 
Although the diabetes was mild, a remarkable constancy was noted 
in the persistence of hyperglycemia, glucosuna (at times reaching 
10 grams of sugar excretion in 24 hours), and leukocytosis A slight 
diminution of the blood coagulability was also noticed (1) (See 
Table I) 

The animal was operated on, and a fistula of the stomach was 
established The gastric contents showed the presence of blood and, 
occasionally, numerous motile bactena, on staining, Gram-nei^ative 
bacilli and Gram-positivo cocci wore found 1 his suggests deficient 
secretion of gastne juice or hypochylia Because of digestive dis¬ 
orders insufficiency of pancreatic secretory function was suspected, 
and it seemed probable that some pancreatic disorder such as pan¬ 
creatitis was present Cecil (2) emphasises the occurrence of 
chronic pancreatitis in diabetes mellitus Joslin (3) also considers 
pancreatitis a possible factor in the etiology of diabetes 

667 
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TABLE I 

UYPnRQLYrEHlA, CiLrCOSURIA AND T PtfKOCYTOBIS IN SrONTANHOUB 

Diabrtkr in the Doq 

A female dog (alwut eight months old on November 17,1926) 


Date 

Body weight 

Grams 

Glycemia 

Percentage 

Gtueosuria 

Percentage 

— 

Ieukocy 
tosiH 

Perc mm 

Dlocxl coagu¬ 
lability 

Time in 
seconds 

11/17/2# 

10600 

0400 

0630 

14000 

60 

11/2S/2S 


0 240 


14400 

70 

12/ 2/2# 

11000 


0 440 



1/11/20 

12420 

1 

0130 


16400 

120 


The moreaae of weight w due to growth, and the decrease of blood 
sugar may be attnbuted to treatment Frequent determinations of 
the numlier of leukocytes were made, and on only one occasion was 
a normal figure obtained (8,000), in the majority of tests a certain 
degree of leukocytosis was present AH determinations were made m 
the fastmg condition, about twenty hours after the last feeding 
An accidental exposure to cold resulted In pneumonia, which 
proved fatal It is well known that diabetics are very susceptible to 
infection (4) Post-mortem examination showed congestion of the 
lungs, and also revealed the presence of pancreatitis This finding 
was confirmed by microscopic examination The gland showed pro¬ 
nounced congestion, atrophy of parenchyma, necrotic areas, hyalme 
degeneration of the acim, and stasis of pancreatic ducts No patho¬ 
logical changes wore detected in the islands of Langerhans The 
photomicrograph demonstrates some of the pathological changes 
(PI XCVI) The pathological findings already mentioned were cor¬ 
roborated by the late Dr A 8 Warthin, of the Umversity of Mich¬ 
igan (Report 4107” LAI) 

Pavlov PaYBiorx>otcAL 
Battud Crbbk Sanitarium 
Battli Creek, Michiqan 
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THEORETICAL CT)NSIDERATIONS CONCERN¬ 
ING THE ACRIDITY OF CERTAIN AREAS OF 
THE BRAIN DURING THE ADMINISTRATION 
OF LOW OXYGEN* 

HUGO KRUEGER 
1 INTUODUCTION 

I N A previous pafX‘r from (his laboratory (nesell and others, 1932) 
data were presented uhuh (ould be inttrpreied as indicating that 
the tissues in general may (urn alkaline during the administration 
of Um oxygen of suitable concentration It was pointed out, how¬ 
ever, that the interpretation that all cells of the body turned alkaline 
was somewhat questionable 

Since no direct evidence concerning the acidity of the brain was 
obtained m those exiierunents, it is the purpose of this paper to 
present indirect evidence that certain areas of the brain may have 
turned acid Thi. underlying principle is that lactic acid will form 
in those regions of the brain not receiving oxygen and will diffuse 
toward the capiIlancH Since not all the necessary data arc available 
and since many of the av ailablc data are not sufficiently quantitative, 
only a rough approximation can be made Further, the usable data 
must be taken from exijenments on many different animals Sig¬ 
nificant errors may anse on this account The fact that neurones 
are not exact gcometncal figures offers another difficulty However, 
first approximations may indicate the state of affairs or suggest pos¬ 
sibilities which can be testetl exponmentally 

2 DATA 

In this attempt to supply indirect evidence concerning the acidity 
of certain regions of the brain the following data will be assumed to 
be essentially correct 

• Paper from t he Department of Phywology, University of Michigan, Ann 
Arbor, Miohigan 


671 



672 Hugo Krueger 

1 The average diffusion constants of oxygen and lactic acid are 
assumed as approximately the same for bram and for muscle The 
diffusion constant for oxygen is 1 64 X 10 ® c c per sq cm per 
minute under a diffusion gradient of one atmosphere per cm (Krogh, 
1918) From the data of Eggleton, Eggleton, and Hill (1928) the 
average diffusion constant for lactic acid is 28 X 10“* grams per 
sq cm per minute under a diffusion gradient of one gram per 
cm 

2 The brain is nchly supplied iMth capillaries Under the opti¬ 
mum condition it may be considered that each capillary forms the 
center of a cylinder ^hich it supplies with oxygen Craigie (1926) 
gi\ es the total length of the capillaries in a cube, 100 u on edge, of 
fresh brain from the male albino rat Taking the length of the 
capillanes as the length of the cylinder, the radius of the cylinder 
containing the necessary \olum6 may easily be computed (See 
Table I, columns 1 and 2) 

TABLE I 

Capillary Supply and Thboreticai OxYoaiN Rsquirbmknts op 
S oMK Rkgionb op thb Brain 



Total length 
of oapillaries 
m 0 001 e mm 

Average 
radius of 
iiseue 

supplied by 
capillary 

Mimmuto 
oxygen 
pressure 
for adequate 
oxygen supply 

Nuol dors mot X 

617 m 

24$ M 

60 mm Hg 

Kucl fascio soUt 

630 m 

22 6m I 

39 mm Hg 

Form retie Uter 

646 M 

22 2m I 

37 mm Hg 

form retie med 

674 m 

217 m ! 

36 mm Hg 


3 During the administration of 7 24, 6 09, and 6 69 per cent of 
oxygen the partial pressure of oxygen in the expired air dropped to 
36, 30, and 28 mm Hg (Gesell and others, 1932) In the alveolar 
air the pressures were probably around 30,25, and 23 mm Certainly 
the average oxygen pressures in the brain capillaries were not above 
these values In these experiments dunng the administration of low 
oxygen blood lactic acid increased 0 15, 0 38, and 0 00 mg per c c , 
respectively The excess carbon dioxide lost by overventilabon above 
that accounted for by oxidations amounted to 7 93, 11 93, and 12 25 
volumes per cent when calculated on the basis of the whole animal 
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4 The oxygon consumption of intact whole brain (dog) is re¬ 
ported as 0 1 c c per gram per minute Tins figure may be un¬ 
satisfactory, but according to Winlerstein (1929) it represents the 
best efforts to date Bram is approximately 45 per cent gray matter 
and 65 per cent while matter (Mathews, 1930) The metabolism 
of the white matter Is probably similar to that of t>enpheral nerve 
Regarding this as 0 005 c c per gram per minute, the metabolism 
of the gray matter becomes 0216 c c per gram per minute 

5 Since the tiansformations (Meyerhof, 1925) carbohydrate ^ 
lactic acid sodium lactate iinolve ibout 300 calorics per gram of 
lactic acid and since one liter of oxygen supplies 4800 calories at an 
R Q of 0 81, an oxygen debt of 1 c c should be accompanied by 
the production of 16 mg of lactic acid (It is conceivable that 
other anac'robic processes inuy occur and lower this figure consider¬ 
ably ) Sixteen mg of lactic acid is the chemical equivalent of 4 c c 
of carbon dioxide Thus, in the absence of oxygen, acid is produced 
at a rate four tunes that dunng oxidative metabolism 

It IS assumed that the energy obtained by the brain from 1 c c 
of oxygen may be replaced by the production of 16 mg of lactic acid 
The validity of this assumption may be seen by companng the rates 
of oxidation for excised brain as hmnd by Warburg and Lol)el (see 
Winterstein, 1929) with the rate of formation of lactic acid in the 
excised brain obtamed by McGinty and Gesell (1926) and Haldi 
(1932) According to Warburg the rat© of oxygen consumption fur 
excised bram was 0 03 c c jicr gram ptr minute, and according to 
Lobel, 0 02 c c per gram per minute The average of the curves of 
McGinty and Gesell and of Haldi indicates that in the excised brain 
dunng the first 30 seconds the rate of lactic acid formation is 0 40 mg 
per gram per minute Dividing by 16 (16 mg of lactic acid « 1 c c 
of oxygen) we find that this corresponds to oxidations at the rate 
of 0 026 c c per gram per minute 

Similarly, Haldi (1932) has found that directly after excision lactic 
acid forms in muscle at a rate of 0 06 mg per gram per minute 
Dividing this by the usually accepted figure of 0 005 c c per gram 
per ininuto for the oxygen umsuinption (Verzto*, 1912) we obtain a 
relationship of 12 mg of lactic acid to 1 c c of oxygen Considenng 
the vanable sources of the data, the agreement with the theoretically 
expected ratio of 16 to 1 w satisfactory (If 386 calones instead of 
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300 calones la considered the thermal equivalent of 1 gram of lactic 
acid, the theoretical ratio would be 12 5 to 1) 


3 THE OXYGEN PRESSUKF REgUlREMKNT OP THE BRAIN 

If one knows the rate of oxygen consumption and the length of 
capillanes in a given region of tissue, one can calculate the minimum 
pressure of oxygen in the capillancs necessary to supply the region 
with oxygen The necessary equations for this computation have 
been developed and pre^nted previously (Hill, 1928, Krueger, 1932) 
The equation for determining the minimum pressure of oxygen nece^ 
sary to supply a given region of tissue is 


( 1 ) 








0 , 


where is the ox>gen pressure in the capillaries, a is the oxygen 
consumption, K the diffusion constant of oxygen, the radius of 
the capillaiy, and the radius of the cniss-section of tissue supplied 
by the capillary (This equation is number 18 in the previous paper 
by the author) 

t\ith this equation the minimum pressure of oxygen necessary 
to supply the hypothetical brain cylinders of Table I was computed, 
a capillary diameter of 6 /u (r^ 3 pi) was assumed Ihe values ob¬ 

tained are given in Table I, column 3 

If similar capillary and metabolic relationships hold for the rat 
and the dog, these figures are very interesting, since a similar figure 
18 obtained by an entirely independent method For simplicity the 
blooil IS assumed as loaded with oxygen under a partial pressure of 
carbon dioxide of 40 mm Hg and unloaded at a partial pressure of 60 
mm The venous oxygen pressure corresponding to a given artenal 
oxygen pressure is then read from curves modified from those of Bohr 
(1904) relating Hb saturation to oxygen and carbon dioxide pressures 
The mean oxygen pressure surrounding the brain cells must almost be 
that of the v euous blood leav ing the brain Wintcrstein (1929) states 
that the oxygen C/onsumption of the brain is 0 1 c c per gram per 
minute and ihe volume flow of blood 1 4 c c per gram per minute 
Consequently, blood on passing through the brain loses 7 09 volumes 
per cent of oxygen According to Bohr's (1904) curves dog's blood 
that has lost 7 09 volumes per cent of oxygen from 20 volumes per 
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cent at complete saturation has an oxygen pretisure of 42 mm This 
agrees well with the postulated figures of 35 50 nun calculated for 
the cylinders 

Since these hgurcs represent an ideal distribution of capillaries, 
the actual pleasure would perhaps he somewhat lower Ihus the 
cells of this area of the brain, and (lerhaps of most other areas as 
well, may be laboring netr the lower border of stability, where slight 
changes in the oxygen pitssure of the milieu will introduce a changi 
m the type of metabolism 1 he higher pressures might even suggest 
that Some areas of the brain continually use an acid nu tabohsm to 
supply some portion of thtir energy 

4 THt FRACTION OF BU\IN TIS8UI' SUKFI'HINr FROM OXVGEN 
WANT DURING Till ADMlNISIHAHON OF TOW OWOEN 

Considering 50 mm the minimum oxygen pressure for unim¬ 
paired oxidative metabolism foi a cylinder of brvm tissut of 24 8 



Fjo 30 Crow»-seeli<)n of 
region drained by a capil 
lary The solid area id a 
c apiUary of radiUM r 1 he 
radiua of the region drained 
by the capiliarv and ordi 
nanly supplnxl with oxy¬ 
gen by the capillary in 
The radma of the legion 
aupplied when the oxygen 
pressure is reduced is ri 
1 aotic add will form and 
accumulate in the region 
between % and r, (stip¬ 
pled), and Will diffuse to¬ 
ward the capillary 


radius supplied by a 6 capillary from the center, the computed 
radii of the fractions of the tissue receiving oxygen, when the oxygen 
pressures are only 30, 25, and 23 mm Hg, are 20 5 /x, 19 1 Mj and 
18 6 Mr respectively The fractions of the k>tal volume not receiving 
oxygen are 0 31, 0 41, and 0 44, respectively (see Fig 30) 
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6 THE TIIKOBETICAL CONCENTKATION OF LACTIC ACID IN CERTAIN 
AREAS OF THE BRAIN WHFN RECEIVING INSUFFICIENT OXYGEN 

If a deficifc m oxidations of 1 c c is accompanied by the fonna- 
tion of 16 mg of lactic acid, lactic acid will form and accumulate in 
the area from r «* 24 8 to r « 20 5 a* during the administration of 

7 24 per cent oxygen It ’will diffuse from this region across the areas 
from r**206/xtor**3M into the capillaries The concentration 
of lactic acid will progressively increase from r«3Attor« 24 8Ai 
When a steady state is reached the amount of lactic acid diffusing 
into the capillancs iier umt length will be ir X 0 00248 X 0 00248 X 
16 X 0 216 X 0 31 mg per mmute when the oxygen pressure is 
30 mm Hg 

The quantity diffusing mt/O the capillaries per unit length in umt 
time may also expressed by 


( 2 ) 


2 Tk{v>^ - 
log/, - log/i 


where T is the amount of lactic acid diffusing into the capillaries 
per minute per unit length, is the concentjation at the internal 
radius r^, and is the concentration at the external radius (see 
equation 22, Krueger, 1932) 

For the specifio instance under consideration k is the diffusion 
constant of lactic acid, whereas ia, - gives the concentration 
difference of lactic acid that must be mamtaoned between r, and 
m order to insure the desired rate of diffusion The values of r, and 
r, are 20 6 /x and 3 respectively 8mce the total quantity diffusmg 
in unit tune through a unit length is given in the preceding paragraph, 
all the necessary data are available to calculate the concentration 
difference, te, - The result obtained is 0 23 mg per gram 
Hence during the administration of 7 24 per cent oxygen the theo¬ 
retical concentration of lactic acid at r 20 6 M was 0 23 mg above 
that in the blood stream, and since blood lactic acid increased 0 15 
mg per c c the concentration at r » 20 5 ax increased to a value 
0 38 mg per gram higher than that obtainmg before the adminis¬ 
tration of low oxygen The increase in lactic add in the region 
from r*» 20 6Axtor « 24 8^ would be slightly greater than 0 38 mg 

Further, owing to the hyperventilation Induced by the low oxygen, 
7 93 volumes per cent of nonoxidative carbon dioxide (equivalent 
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to 32 mg of lactic acid) were eliminated Smce the removal of n 
moles of carbon dioxide from a buffer system at a pH of 7 5 or less 
and the simultaneous addition of n + /i (whore n and h are any 
positive numbers) moles of lactic acid result m an increased con¬ 
centration of hyilrogen ions, the e^ileulations mdicate that the region 
from r « 20 4 ^ to r *= 24 S yu turned acid during the admimstra- 
tion of 7 24 per cent oxygen 

Similar calculations may be made for the experiments dunng 
which 6 09 and 5 69 per cent oxygen were administered The values 
of r are TT X 0 00248 X 0 00248 X 16 X 0 216 X 0 41 or 0 44 The 
value Tj is 3 /I m both cases, while r, has ihe \alues 19 1 and IS 6 
The concentration differences are found U be 0 29 and 0 31 mg per 
gram The increases in blood lactic acid w ere 0 38 and 0 60 mg per 
gram Hence the theoretical increase in lactic acid was 0 67 and 
0 91 mg per gram for some regions of the brain Ihe nonoxidatuc 
carbon dioxide lost was 11 93 and 12 25 volumes per cent (equivalent 
to 46 and 49 mg of lactic acid) 

Thus during the administration of 7 24, 6 09, and 6 69 per cent 
oxygen 31, 41, and 44 per cent, respectively, and perhaps more, of 
some regions of the bram liecome acid A more exact evaluation 
of the oxygen pressure in the brain and a consideration of the super- 
basal metabolism of the respiratory neurones doing increased work 
would make the add effect m the region under consideration still 
greater In other regions with a larger capillary supply the acid 
effect would be much less In regions where the capillary supply is 
sufficient to provide oxygen to all areas an alkaline effect may even 
develop Under these conditions lactic acid might leave the blood 
and enter the brain, as was indicated by the expenments of McGinty 
(1929), m which only slight impairment of brain metabolism was 
induced 

Similar calculations for muscle from the data given by Martin, 
Woolley, and Miller (1932) indicate that the oxygen pressure is 
positive throughout the muscle even dunng the breathing of 5 69 
per cent oxygen Smce lactic acid forms m muscle and passes mto 
the blood stream under some resting conditions, it is suggested either 
that a high positive pressure of oxygen is necessary to prevent lactic 
add accumulation in muscle or that the limiting factors in (leter- 
mining whether oxidations are sufficient to balance the anaerobic 
metabolism are enzymatic Calculations based on direct observation 
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of the lactic acid increase and carlxm dioxide loss indicate that the 
muscle sometimes turned alkalmt and sometimes acid dunbg the 
administration of low oxygen (Oesell and others, 1932) 

6 BRAIN ACIWTl mTIllNC LOW OXlOJvN AS HELATFD 
TO 81ZL OP CKLliS 

Since computations involving the brain tissue cylinders indicated 
that some regions of the brain liccame acid during the administra¬ 
tion of Iov\ ox>gen, an attempt was niofle to determine the hyjio- 
thetical conditions within spherical neurones rcgardeii a« metabolic 
units with a constant pressure of oxygen presented at tlie surface 
Ihis case is not so easily handlecl as the last because it involves an 
estimation of the actual rate of oxygen consumption within the 
nturone No direct determinations are available Indirect estima¬ 
tions are diffiuilt because of the lack of anatomical data Also the 
relative rates of metabolism of structures found m the gray matter 
are not known Presumably the dendntes may have as high a rate 
of metabolism as the cell bodies of the neurones or even a higher 
one The neuroglia may have a metabolism similar to that of con¬ 
nective tissue If the neuroglia has a secretory function, \\s meta¬ 
bolic rate will be much higher 

Similar directional conclusions will be reached whether one 
considers that the metabolism is pnmanly a function of the cell 
bodies or that the other structures in the gray matter also have a 
significant metabolism In the first case there would be an oxygen 
pressure at the surface of the neurones approximately equivalent to 
the venous oxygen pressure In the second case the oxygen pressure 
at the surface of the cells would be much lower, since a sigmficant 
gradient would develop, owing to the oxygen consumption of the 
other structures 1 his second case reduces m the ideal state to that 
of the cylinder previously discussed If we consider, however, that 
the oxygen consumption is pnmanly a function of the c^ll body, the 
treatment as sphcncal cells would bo more exact 

If oxygen does not penetrate the entire cell, 


6/C" 


3K\r 


where y is the pressure of oxygen at any distance from the center of 
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the cclh r^ is the radius of (he cell, and the radius at whuh inward 
diffusion of oxygen c< ases 

Ihe concentration of lactic acid be given by 


(4) 


b 

" Gfc 

(5) 

m 

W’jj- w„ 

(6) 

dw 

— u\ 

“ r, 


(r* - from r « 0 to r ^ r,, 
r^r ?i “ xc 

- 4 . MI--—5 from r 

r ' ? — r 

rii* 

at r «* r„ ind 
r 




tor = 


w ~ w 

(7) R = 47rfc “ r/ , 

»-a - ^ 

where ?Ci, and u\ are the cone intrations of lactic at id at r, /j, and 
respecti\ely and where b is (he rate of formation of lactic acid, 
k the diffusion constant of lactu acid, and H the quantity of lactic 
acid formed by the cell per minute The average concentration 
throughout the cell will l>e given by 


Dunng the administration of 7 24 per cent oxygen H volumes 
per cent of carbon dioxide have been drained off the tissues If 
the acidity is to remain constant, 32 mg of lactic acid per 100 grams 
must accumulate Since blood lactic acid increased 15 mg per 
100 c c , an accumulation of only 17 mg above the concentration 
in the blood stream would indicate a reaction in the tissue more acid 
than the basal reaction 

Assuming that the cell volume is one sixth of the total volume of 
the gray mattei (m many places the cell volume is less than one 
sixth) the minimum diameter of a cell has been computed such that 
the average increase in lactic acid thoughout the cell is 0 32 mg per 
gram above the basal level The diameter of the cell was calculated 
to be 59 M 

7 DISCUSSION 

fhc application of those deductions to the control of ventilation 
is copapheated by the fact that the chemical control of ventilation 
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cannot be limited to the central nervous system alone, since Heymans 
(1931) has demonstrated that the respiration may be modified by 
chemical stimulation of the carotid sinus and afferent vagus endings 
But granting stimulation an<l Inlubition of pulmonary ventilation 
from artenal injection of acid and base distal to the carotid gland 
(Heymans, 1931, Owen and Gesdl, 1931) and stimulation as well 
as depression from similar injections of sodium cyanide and sodium 
sulphide (Winder, Owen, and Gesell, 1932), it is tentatively con¬ 
cluded that the acid metabolism of the brain during oxygen want 
may be a significant factor in determimng the degree of pulmonary 
ventilation The conclusions of Schmidt (1932) that ** the respiratory 
center is directly affected by alteration in blood supply in the manner 
stipulated by the hypothesis of Gesell" and that “the sensitivity 
of the cells of the center to changes in C O* tension or pH of arterial 
blood IS vastly greater than that of the sinus refiex mechanism to any 
chemical changes m the blood" support this view^ A final esti¬ 
mation, however, must await accumulation of more accurate data 
regarding oxygen consumption, oxygen pressure, diffusion rates, ana¬ 
tomical relationships, and the relative importance of penphoral and 
central chemical control of ventilation 

The computations indicate that concentrations of materials under¬ 
going metabolic transformations vary from point to point in the 
tissues Hence in trying to deduce the fundamental laws controlling 
distribution of materials between the blood and tissues the concept 
of the steady state rather than of a dynamic equilibrium must be 
borne in mind A pnon one would expect the tissues to show a higher 
or lower concentration than the arterial blood, as the venous con¬ 
centration is higher or lower than the artenal concentration The 
concentration differences between the tissues and the blood may be 
expected to be high or low, depending directly upon the rate of 
metabolism and inversely upon the diffusion constant of the matenal 
under consideration 

For the specific case of carbon dioxide pressure differences of 
approximately one milhmeter of Hg above the venous pressure are 
theoretically sufficient to Insure complete diffusion 

8 SUMMARY 

Dunng the administration of low oxygen sufficient carbon di¬ 
oxide IS removed from the body to indicate that the tissues In general 
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may turn alkaline A consideration of some of the principal factors 
involved suggestRi howo\er, that certain areas of the brain may be¬ 
come acid 

An analysis of the evidence from various authors indicates that 
the energy liberated by the formation of lactic acid under anaerobic 
conditions in muscle and brain immediately after excision is the 
thermal e<imvalent of the energy derued from oxidations in excised 
strips For this reason it is assumed that the development of an 
oxygen debt of one c c in rnustle or brain is accompanied by the 
formation (jf 16 mg of lactic acid 

A consideration of the rate of diffusion of oxygen, tho rale of 
consumption of oxygen, and the capillary supply of th( dorsal \agal 
nucleus, as established by Craigie, indicates that during i ho adminis¬ 
tration of 7 24 per cent oxygen approximately 30 per cent of the 
tissue of this nucleus will not receive oxygen Lactic acid vmII form 
and accumulate in the portions of the brain not receiving oxygen 
A further increase in the general level of brain hctic acid should 
develop from the increased concentration of lactic acul found in the 
blood The calculated net increase in lactic acid in the fraction of 
the dorsal vagal nucleus unsupphed with oxygon will more than 
balance the loss in carbon dioxide due to the increased ventilation, 
and the end result will be an increase in the acidity of this fraction 
Considered from the standpoint of individual cells, those whose 
diameter is approximately 60 iU or greater will become acid 

Hence the calculations indicate that certain areas or cells of the 
brain assume<i to contribute to the control of respiration become acid 
during the administration of low oxygen It is concluded that the 
altered acid metabolism of nerve cells may lie a significant factor in 
the regulation of n spiration Tho signihcancc of these conclusions 
IS considered in regard to the regulation of ventilation 

It IS pomtcii out that in many distnbution studies a steady state 
rather than equilibrium conditions maintains 

This application of the diffusion equations to experimental data 
presented by Oesell, Krueger, Nicholson, Brassfield, and Pelecovich 
is tentative and is given primarily to indicate a possible indirect 
method of attack of certain physiological problems 

The author wishes to thank Dr R Gesell of the Department of 
Phy^ology and Dr V C Poor of the Department of MathomatiC '5 
for their friendly advice 
UKivnasiTY or Michigan 
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FURTHER ADDITIONS TO THE LIST OF 
ARANEAE FROM MIC^HIOAN 

AUnirR M ( fflCKWlIVCr 

I N AN effort to obtain as marlv (oiiiplett information ns possible 
concerning the spultr fuuia of tlu st itc of Michigan 1 ha\o lieen 
collecting thcHc animals during the pist six vttirs Up to the piesent 
turn about tMo bundled and sixtfin species have Udi listed (( hick- 
enng, 1912, 19^^, 1914) I his paper gues si\ty-thrte additional 
species, thus bringing to about l\\o hundnd ami dght> the total 
number recorde<l for the stati as a result of mv studies A few 
specimens appi ir to ripitscnt new species, and tlust hue been laid 
aside for careful study and df tailfd desiription 

In connection vmIIi iny ridnt work I im glad to acknowledge the 
cooperation and generosit> of the following araneologists Mr W J 
Gcrtsch, of the Ainerioan Museum of NaturU History, who has 
examintd tnd plaiid all my Thomisidw (ollected during tin past 
year, Professor R (iiarnbirlin, of thi thu\ersit> of Utah, who 
has studied my whole collection of l\cosidae nude prior to 1011, 
Mr Wilton Ivie, who has aided Professor Uhambeilm in the identi¬ 
fication of my Lycosidae and who has also identihed miscellaneous 
apecimens belonging to other families, and Mr Nathan Banks, of the 
Museum of roinparatuc /oolog>, Harvaid University, who has 
helped mo with numerous iduilihcitions and who has most goner- 
ovialy presented me with many valuable n prints 

It has been customary to publish notis m connection with my 
listi of Michigan spidi rs In this paper, however, as in the preceding 
one, no notes iccompany the collecting records, owing to the neces¬ 
sity for strict economy in printing costs 

SUB-ORDER ARACHNOMORPHAE 

Amaukobtidal 

Amaurobuts fkrox (Walckenaor) Albion, September, 1933, Jan¬ 
uary, 1934 
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Agelenidae 

CicuRiNA ARCUATA Ivcysorling —Albion, October, 1932, January, 
1933 

Cicurina pallida Keyserling — Albion, April, 1933 
CicuRiNA 8P (?) —Homer, Apnl, Albion, May, 1933 
Cybaeota calcarata (Emerton) “ Marquette, July, 1932 

P 18 ATJRIDAB 

Dolomedes 8 CRIPTU 8 Hentz — Probably Albion, summer, 1933 ? 
D 0 LOMEPE 8 TLNFBRO 8 U 8 Hentz — MosheniUe, Hillsdale Co , July, 
Wolf Lake, Jackson Co , July, 1933 
Dolomedes iriton triton Walckenaer — Douglas Lake, Cheboy¬ 
gan Co, July, 1933 

Lycosidae 

Allopecosa kochii (Keyserhng) — Douglas l4tke, Cheboygan Co , 
August, 1931 

Lycosa AVAR a (Keyserhng) —Pine Lake, Eaton Co, September, 1933 
Lyoosa punctulata Hentz —Pine Lake, Eaton C^o, September, 1933 
Lycosa biparu Hentz — Ann Arbor, June, 1916, Pine Lake, Eaton 
Co, July, 1930 

Lycosa SP (?) — Probably a new species. Albion, September, 1933 
Pardosa fuscula ThorelL — Ishpetnmg, May, 1931 
Pardosa groenlandica (Thorell) — Albion, June, 1932 
Pardosa modica brunnka Emertoa — Albion, May, 1933 
PiRATA MAcuLATA Emerton —Douglas Lake, June, 1930, Albion, 
August, 1931 

PiRATA sYLVESTRis Emerton —Albion, June, 1930, August, 1931, 
Douglas I^ke, July, 1930 

ScHizocosA BiLiNEATA Emcfton — Douglas I^kc, July, 1930, Al¬ 
bion, May, June, 1933 

Dictynidab 

Dictyna prondea Emerton — Marquette, July, 1932 

Theridjidab 

Crubtulina sticta (Cambndge) 

Robbrtus fuscus (Emerton) — Marquette, July, 1932 
Thbridion globobum Hentz — Albion, July, 1933 
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LiNypiniJOAF 

Bathyphantfs brevis (hmorton) * Marquette, July, 1932 
Ceraticeuts ATRicEPS (C ambndKc) — Negaunee, July, 1932 
Ceratinkela brunxea Eraorton — Ciladstone, August, 1932 
Ceratinflla placida Banks Marquette, July, 1932 
CoRNicuiLARiA DIRFOTA (Cambndgc) — Albion, October, 1932 
CoRNicuLABiA PALLIDA Einerton —Marquette, July, 1932 
Eperigone MACtiLATA Banks - Big Bay, Marquettt, July, Ne- 
gaunce, August, 1932 

HypsELiSTi-fl FLORENs Cambridge - Mumsing, Marquette, July, 
1932 Many localities m the Southern Pemnhula 
Micboneta cornupalpis (Cambndge) -- Marquette, July, 1932 
Muuoneta olivacfa Lmerton — Marquette, July, 1932 
Microneta persoluta (Cambridge) — Sands, Marquette Co, 
July, 1932 

Microneta viaria (Blackwall) Grand Marais, Marquettt, July, 
Negaunee, July, August, 1932 

Okdothobax montanus (Emerton) —Marquette, July, Negaunee, 
August, 1932 

Titmaoi'NA d^bilib (Banks) —Marquette, July, 1932 

Aroiopidai- 

Aranbus corticarius (Emerton) — Moshervillo, Hillsdale Co, 
October, 1933 

Cercidia prominens (Wostnng) Marquette, July, 1932 
Glyptocranium bisaccatum (Emerton) — Albion, July, 1933 

Mimetidae 

Ero furcata (Villers) - Marsliall, October, 1932 
Mimetus INTERFECTOR Hontx Quincy, July, 1933 

Drassidab 

Cesonia bilineata (Hentz) — Wolf Lake, Jackson Co, July, 
Albion, August, 1933 

i homisidae 

Ebo LATlTHOBAX Koyserling — Albion, May, 1933, January, 1934 
Misumfnops OBLONGUb (Keysefling) — Albion, June, Moslierville, 
HiUsdale Co , July, 1933 
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Philohromus EXILI8 Banks — Charlotte, June, Wolf Lake, Jackson 
Co, July, im 

Phiu)dromtj8 INFUSCATU8 Keyserimg - Albion, August, 1933 
Philodromus LENTIOINOSU8 Keyserhng Albion, September, Octo¬ 
ber, 1933 

Philodromus marxi Keyserimg — Wolf Lake, Jackson Co, July, 
1933 

Philodromus emertoni Bryant Concord, June, 1933 
Philodromus satulhs (minutus) Banks -- formerly reported 
from egg sac, adults are no\^ m my collection Albion, May, 
1933 

Tmarus ANOULATU8 (Walckcnaer) — Albion, Octolier, 1932, Homer, 
April, Mosherville, Hillsdale Co , September, October, 1933 
Xybticls FRATFRNU8 Banks — Albion, August, 1932, May, 1933 
XvsTicus sp (^) — Albion, June, 1932 

Clubionidal 

Anyphajna Cl* leu (Hentz) — Albion, November, December, 1933, 
January, 1934 

Anyphaena gracilis (Hentz) — Albion, May, 1933 
Anyphaena pjctorosa L Koch — Mosherville, Hillsdale Co , July, 
1933 

Anyphaena rubra Fmerton — Wolf Lake, Jackson Co, July, 1933 
Clubiona sp (?) — Albion, December, 1933 
Micaria MONTANA Emcrton — Albion, May, 1933 
Micaria 8p (?) — Albion, May, 1933 

Attidae 

Icius SP (?) — Soon to be described as a new species Marquette, 
July, 1932 

Phidippus electus Koch — Ishpeming, Sands, Marquette, July, 
1932 


Ai^ion Coludob 
Albion, MtCHtaAN 
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NOTES ON THE SPERM 4TOGENESIS 
OF SPIDERS 

ARTHUR M CHICKERING AND WAITER HARD 


ALTHOUGH Rpulers have never been popular animals m which 
to study spermatogenesis, several investigators have worked 
with them m attempts to elucidate the problems of chromosome be¬ 
havior and the process of spermiogenesis It seems probable that 
the ''nucleolus'^ described in spiders by Wagner (1896), nearly forty 
years ago, was a sex chromosome, In a series of three pai^rs dealing 
with Ageleim naevia Wallace (1900, 1905, 1909) arrived at the fol¬ 
lowing conclusions after a number of corrections There are two 
accessory chromosomes in each spermatogomum, in early spermato¬ 
cytes the two fuse into a single body The bipartite accessory 
chromosome passes undivided into only half of the secondary sperma¬ 
tocytes It then div ide^ m the second maturation div ision, so that 
half of the spermatids possess an accessory chromosome and half do 
not The haploid number of chromosomes is about twenty-five 
Many spermatids show a delayed separation An extracellular 
axial filament grows out from a centrosome and acquires a small bleb 
at the center and another at its tip The spermatid nucleus is trans¬ 
formed mto a crescent-shaped head of the spermatosodn, and this 
slips out of the cytoplasm and becomes the mature sperm bearing a 
tad, as desenbed by Wagner m 1896 Apparently the only worker 
to locate an XY-poir of chromosomes was Montgomery (1905) in 
his study of Lyma tnsoptia (L guloea Walck) BOsenberg's U004, 
1906) study of Lycosa and a few other forms appears to have been 
the most thorough piece of work thus far done on the spermiogenesis 
of spidew Except in minor details his work agrees well with that of 
Wallace, as this was finally left m 1909 Berry (1906), working on 
Bpetra sclopeiana (Araneus sencatus Clerck), identified a bipartite 
accessory chromosome and described its behavuor essentially as 
Wallace did in Agelem Painter (1914) studied several species of 
spiders He found but fifteen chromosomes in spermatids of Agekna, 

m 
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but he agreed esHentially with Wallace in regard to the bipartite 
X-chromosome Two small ctetosoinofl were found in each sperma¬ 
togonium In the last hpennatogomal divinjon these ctetosomes lag 
and pass into but one of the two cells, which become pnrnary sperma¬ 
tocytes Thus the latter are of two types, those which ha\e cteto- 
somes and those which do not When present these boilios fuse with 
the accessory chromosome in the lest peiiod anil remain thus through 
the first maturation di\ ision and then pass undiv idtd into only one 
of the two secondary 8|Derniatocytes resulting from this division 
They appear to di\ idc with the accessory chromosorru in tht second 
diMsion, and thus only one fourth of the spernmtids would contain 
ctetosomes Painter postulated a correlation between the occurrence 
of two varieties of males m Afaevia vtttaia anil the peculiar distnbu- 
tion of these bodies Bodies called “planosornts" by Painter weie 
found to nnse in the rest period J hey probably fusi with the ac¬ 
cessory chromosome in this penod and later separate from it ilunng 
the growth penod 1 hey may div idc m the first maturation division, 
but they often lag and behave irregularly They do not div ido in the 
second division, and they seem to have a very irregular and fortu¬ 
itous distribution to tlie spermatida One of the few recent authors, 
Warren U926, 1928, 1930, 1931), has published several papers in 
this field in which he has dealt with spenmogenesis, with particular 
emphasis on an unusual method of producing spermatozoa by di¬ 
vision of the si^ermatuls On the basis of this work he has con¬ 
cluded, apparently, tliat it is difficult if not iinjHissible to retam a 
belief m the universal application or general significance of the current 
conception of specific chromosomes bearing linearly arranged genes 
transmitteii from generation to generation Because of the the¬ 
oretical importance of his claims and because of the very unusual 
conditions noted by him we have paid special atteuUon to comparable 
stages in the animals which wo have studied In certain species this 
author has represented amitosis os occurring with considerable 
frequency In these species the wall of the testis is described as beuig 
lined with germinal nuclei which undergo a senes of amitotic di* 
visions and thus produce lobules which may be either large-celled or 
small-celled, deiiending upon the mode of formation Cells ansing 
from these divisions can be termed, respectively, spermatogonia, 
primary spermatocytes, secondary spermatocytes, and spermatids 
In certain forms like Evarcha the large-celled lobules function as 
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nurse lobules, while the small-cdlcd lobules produce the spcnruvlo/oa 
Karyokinesis was observeti in these animals, but it seemed to be ir¬ 
regular Warren was unable to determine whether the spermatozoa 
arose by typical kaiyokinesis or not I^rom the spermatids the 
j^Kirmatozoa are formed in a variety of ways in the different species 
In some instances he thinks the sperm may be formed, as described 
by other investigators, from spenuatids with a chromatin cap which 
condenses into tlie main pirt of the spermatozoon In the most 
interesting instances the sjiennatids within lobuU«i fuse and form a 
kind of syncytium, after* which each nucleus dongutes into a ^'sper¬ 
matic cord Then each cord split* longitudinal 1> into two or more 
threads, each of which condenses into a sptrmatozoon The splitting 
may be into fairly equal or very unequal portions, and this is a point 
greatly stressed by Warren in his cnticiam of cm rent gcnetical 
theory The threads which result from unequal splitting of the cords 
appear to form quite as functional sjierm as do those formed from 
equal parts lung (1925) recently published u brief rttxirt on a 
species of AmauroUua studied in Proftssor Clatcnby s laboratory in 
Dublm He found structures somewhat iik( those described by 
Warren, his conclusion is that there is no Lvulence of amitonis any¬ 
where m the process, but, on the contrary, dear evidence that; the 
process continues in general as described for the great majority of 
am m aLfi A sex chromosome is clearly ev idcnt Both large and small 
spermatids occur The large ones give rise to normal sperm while 
the small ones, wath little cytoplasm, are regarded as <iegenerate 
Our own studies have been started in the hope of rtmo\mg some 
of the inconsistencies and contradictions now so prominent in ibt 
kterature and also m the hope of addmg considerably to the knowl¬ 
edge of the occurrence and the beha\ior of the cytoplasmic com¬ 
ponents of the sex cells m tlwse animals Little is now known 
about chondnosomes and Golgi bodies in these animals, and it 
seems hkely that a study of these would contribute much to our 
knowlodge of the architecture of the sperm Dunog the spnng and 
summer of 1933 several males of Sihizocona bihneaia (Emerton), two 
speoios of Lgcosa, and a species of Pardosa were coilcctetl and their 
testes prepared for study in se\eral different ways All the testes 
studied m the preparation of this paper were killed in Bourn's fluid 
and stained m iron haematoxyhn The matenal has proved to be 
fairly good for the study of chromatin but, of course, is practically 
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worthless for a study of cytoplasmic constituents In reality, only 
a sort of general survey has been accomplished thus far We hope 
in the near future to continue the work with a much more intensive 
study of both the chromosomes and the cytoplasmic components 

We have found no indications of amdosis in any part of the testes 
of our animals Mitoses ficeur in all the stages in which they are ex¬ 
pected, and we have no doubt that this is the regular method of cell 
multiplication, as in most other ammals lo be sure, we have found 
many difficulties in making exact determinations of the number of 
chromosomes in the various stages and also in the study of other 
important features of sjiermatogenesis, but we see no evidence of 
amitotic irregularities 

Spennatogonia appear to be scarce m all our material We have 
found a few cells in which counting of chromosomes is possible but 
difficult Prochromosomes occur m the anaphase of the last sperina- 
togonial division m Lycosa and possibly m Schizocosa and Pardosa 
The cells containing the prochromosomes were confined wholly to the 
periphery of tlu testis m Lycom The prochromosomes appear to 
spin out into leptolene threads, which then pair in quite typical 
fashion and sometimes are more or less polan*ed Ihe threads be¬ 
come considerably intertwined m this and succeedmg stages and 
strongly suggest Janssen’s famed chiasmata (1924) Later the double 
threads condense to form prominent tetrads, which tend to become 
V-shaped and U-shaped A large bipartite body may lie found in 
all stages? from the leptotene stage to the first metaphase This is 
regarded as the sex chromosome, but Its subsequent history has not 
been followed through to the spermatids with any degree of certainty 
It seems probable, however, that the Lycosidae studied by us are of 
the so-called XO-type in respect to their sex chromosomes Many 
counts have been made of the chromosomes during metaphases of 
both divisions, and we have determined the approximate number 
present But the results are not yet consistent, and we hesitate to 
make a definite statement which may need to be changed later, as in 
several other instances The mconsistencies may be due to bodies 
similar to or identical with Painter’s planosomes, which are difficult to 
dislinguisli from ordinary chromosomes 

The general pattern of spenmogenesis seems to be essentially the 
same in all species thus far studied by us We have found no evidence 
of such a division of spermatids as Warren has described In no case 
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Iuo» 31^5 Diagrams to illustrate spei imogenosis lu Lycom^ 
PardosQ^ and Schuocosa 

Fia» 31-32 SptrmaiidH of iScAwocoaa, showing (ondunsation of the chromatin 
and the ongtn of the nuoltnr vesicle 

Fioa 33^-36 S).>orma1id8 of Lycmay showing a similar condensation of the chro 
matin and the development of the nuclear vesicle Figure 34 shows two 
small spermatid nuclei differentiating withm a single secondary spermatocyte 

Fw 37 A spennatid of Fardtwo, showing the dianj ptarance of the noeJear 
vesicle during the condc nsation of the nucleus 

Fios 38-39 Two lat^r stages in the differentiation of the spermatids of 

com I igure 39 shows the uuidenwd nucleus at the periphery of the cell, 
with no nuclear vesn Ic visible 

Fio 40 A young sperroatozmin of Pardoca lying on the penphery of the sperma 
tid cytoplasm 

Flos 41-48 Stages in the furthtr dtvilopment of the spermatozoa in Lycoca 
Figures 42 ^ show dtlaj f*d cytokinesis of secondary spermatocytes 

Figs 44-45 Nearly mature spermatozoa of iSchtzocoBa and Pardoaa, respec¬ 
tively In Figure 4t the thin envelope of cytoplasm ts shown 
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have we noted a fusion of spermatids to form a syncytium In all 
our animals the spermatids are formed in nearly typical fashion and 
then transform directly into spermatozoa In LycoaUf however, 
cytokinesis of the secondary spermatocyte is often cither delayed or 
omitted altogether, with the result that two spermatid nuclei may 
be held within a single cytoplasmic mass (Figs 34, 42-43) and appar¬ 
ently differentiate into fully developed sperm still contained within 
the undivided mass of cytoidasin In typical spermatids a vesicular 
nucleus is formed which soon localizes its clirornatm on one side 
Clugs 31 33) In many cells at this stage a small Ixidy strongly 
resembling a centnole appears opposite the place of chromatin con¬ 
centration (Figs 32 33) Concentration of the chromatin continues 
until wc have such an appearance as is illustrated in Figures 37 and 
38 Wc interpret the conspicuous vesicle accompanying the develop¬ 
ing sperm as a nuclear vacuole remamiug after the chromatin has 
condensed into a very compact mass Soon the young sperm is 
elongated, somewhat twisted into a loose spiral, and lies more or less 
wrapped around the surface of the vesicle (l^igs 35^38, 42-43) 
Sewn aft^r this stage the nucleus, together with a thin envelope of 
cytoplasm, seems to slip out of the old mass of cytoplasm (Figs 
^9-41) After lying on the surface of the cytoplasm for a time 
(Figs 39-41) the more or less mature spermatozoa come to he loose 
among the ol<l remains of the spermatids (Figs 43-45) Just what 
happens to the vesicle is uncertain, but it disappears dunng the 
separation of the sperm from its surrounding cytoplasm This 
process should become much more thoroughly understood as soon 
as some attention can be given to matcnal killed and stained to cAiow 
cytoplasmic constituents m these cells 

At BIOS OoLuirB 

Alston, Michioan 
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THE MOOSE (ALCES AMEKICANUS) AND THE 
WATER SHREW {SOREX PALUSTRIS fll - 
DROBODISTES), RARE MAMMALS OF 
THE SOUTHERN PENINSULA 
OF MICHIGAN* 

CHARI ES W CRtASFR 

R ecently we compiled a list of the \trlebrit(s (other than 
birds) of the region (jf the University of Michigan Biological 
Station With this unpublished list is a discussion of the zooge^ 
ogrnphy of the vertebrates of this ngion^ many of thcsi reach the 
limits of their range at or near tins station Two mammal records, 
however, are of sjxjcial importance since they constitute the only 
specimen records for the Southern Peninsula of Michigan 

While upon general consideration there can be littk doubt that 
at an early dal« the moose was t-o bo found over much of the Noutliern 
Peninsula of Michigan, no specimen material is on record Wood (2) 
cites a record listed as from Presque Isle (’ounty, which has been 
amplified by Wood and Dice ()) and which reads as follows ** John 
Rodger m October, 1883, sw a fine male near Black Lake Phis 
paper contains records from three counties, as follows “C harles C 
McDonald, a lighthouse keeper, saw a moose in this county [Huron] 
about 1870 and hoard of others later/* ‘^A B Co\crt at one time 
had the antlers of a male killed in August, 1881, m Union Township 
[Messaukee],*' K Dodge saw the body of one brought to 
Port Huron, which had been killed m the winter of 1864 in Sanilac 
County ” These constitute oiir records from the Southern Pemnsula, 
no specimen material is included 

Dunng the summer of 1933 a party of biologists from the Uni¬ 
versity of Michigan Biological Station, under the direction of Dr 
Frank C Gates, discovered at Sleeping Bear Point (Leelanau County) 

* Contribution from the Biological Station of the Umvoraity of Michigan and 
from Wayne Umveraity 


697 



508 Charles W Creaser 

two teeth and a fragment of the maxilla of a moose These remains 
(sertainly were covered with sand before the coming of the white man 
Dr Oates'ii description of the location and some indication of the 
age of the burml are as follows 

The te<ah were on the eroded aide of the Sleeping Bear dune l>iatiirbanreft 
have rt*8ulUd m the complete Uw*8 of vogeiatum on thw side and the blowing away 
of the Hand at a eonniderable rate per year The depth of antid removal from the 
time that T tirat knew the«iune (1911) to where these teeth were found) I would 
Hav was alHiut twenty fe«t 

Two of the fragments consisting of a tooth and the right upper 
prt.molar two still contained in a part of the maxilla have been 
donated by the collector, David Oates, to the Urn tod States National 
Museum and the Museum of Zoology, Dniversity of Michigan, Ann 
Arbor, Michigan 

The water shrew, Sorex palustns hydrohodistea Jackson, has been 
taken rarely m the Northern Peninsula of Michigan (1) An adult 
male was caught by R A Stirton in Cheboygan County m the gorge 
at the edge of a cold trout stream on the University Biological Station 
property It is now in the Museum of the University of Michigan 
(No 58807) ami is the only record south of the Simits of Mackinac 
The identification was made by Dr Jackson 

Watnk Univkiuhtt 

Dethoit, Michigan 
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THE GRAYLING IN MICHIGAN* 


CHARI KS W CREASER 

Waijne Untvermty 
AND 

FDWiN P CRKASER 
1 INTUODIICTION 

F FW of our fiftbes have commamled aa much interest as the mag¬ 
nificent grayling It is regarded by many aa the most beautiful 
of our game fishes, and the mystery of its disappearance is intriguing 
Once the most abundant fish m many of our northern stn ains, it has 
now boon reduced m numbers to a few individuals, which sarvivo m 
the Otter Ili\ er in Houghton County 

Under pressure from fishermen and naturalists generally the 
State Department of Qinaervation of Michigan has tried to culture 
and replant the dc^rted waters with this highly prized fish, but 
without success This may in part be attributed to deficiency in 
our knowledge of its life history 

Recently a few specimens from the Otter and Au Sable rivers 
in Michigan and some of the very closely related Montana grayling 
have come into our hands for study through the courtesy of the 
Cranbrook Institute of Science and the Museum of Zoology of the 
University of Michigan We are thus able to make a study which is 
concerned with the growth of the grayling m the Otter River as de¬ 
termined from the scales We hope that it will stimulate further 
study of the grayling It is to be desired greatly that at least enough 
of these unique fishes may be raised to save the species from ex¬ 
tinction^ even if numbers sufficient for sport fishing be impractical 
or inadvisable to mamtain 

II FOBMra niBTRlBtTTION OF OIUYUNO IK MlCKIOAN 

The rivers, lakes, and bays mentioned by Michael (1905, p 24) 
as formerly inhabited by grayling include the following Muskegon, 

* This study was made poaelble by the wntem^ oonneetion with the following 
insUtutiona Wayno Univenuty, the Cmnbrook Institute of fieience, and the 
University of Mk^gan (the Museum of Zoology and the Biological Station) 
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Manistee, Iordan, Cheboygan, Rifle, and Au Sable nvers, Rne and 
Portage lakes, Creat and Little Iraverso bays and Thunder Bay 
Milmr (1874, p 711) says that the grayling occurs m Pine Lake, in 
the upper tnbutancs of the Muskegon and Manistee nvers, and m 
the Boardman, Jordan, Au Sable, Rifle, Marquette, and Au Gres 
nvers Mershon (1923, pp 142-181) m his Recollerhons of My Fifty 

Ilunttng and Fishing states that brook trout were unknown in 
the Southern Peninsula except in a few streams flowing directly into 
Lake Michigan in the extreme nc»rthem part The grayling, accord¬ 
ing to the same writer, occurred rather generally throughout the 
areas in the Southern Peninsula where brook trout are now found 
Mershon took grayling in the Black River as late as 1903 The first 
specimen of grayling from the Otter River is recorded by Jordan and 
Lvermann (1806, p 518) 

HI ORAILING PLANTS IN THE OTTER RIVER 

It IS unforiunate, at least for any taxonomic study of the gray¬ 
ling, that an effort was made to plant the closely related Montana 
grayling in the Otter River Tlie first mention made of plantings 
of these fishes m this river is in the Twenty-first Btennxal Report of 
the Michigan Fish Commission Under the record of grayling plants 
the following entry is found (p 212) ‘‘Houghton County, Otter 
nv er, 25,000 Those plantings we re fry obtained by hatching eggs 
of the Montana grayling Whether or not they were successful can¬ 
not be detenu mod In view of the survival of the species up to the 
present day in the Otter River it seems necessary to assume at least 
that conditions may have been favorable for plantings and that some 
of the fry may hav e survived 

IV PBJVIOUS 8TUDU8 OF THE OTTER RIVER GRAYLING 

Dunng the year 1922 the grayling were the object of a mostly 
unpublished study of considerable scope by John N Lowe In the 
Biennial Report of the Department of Conservakon for 19^6 and 19^6^ 
(p 126) he estimates that there were in 1925 between 600 and 700 
individuals in the nver About 126 of these were removed to the 
lower part of the state and were planted on the Gladwin game refuge 
in an old beaver pond, which is now a cat-tail marsh Quite naturally 
these transplantmgs seem to have been entirely unsuccessful 



The Orayhng tn Michigan 


601 


V BPFCinC STATUS OF THE OTTEH RIVFR OKA YUNG 

If the 1914 planting of grayling in the Otter was successful, the 
present race may possibly, but not probably, be hybrid m origin 
Experts are much puzzled m their effort to sei>arate the various 
isolated groups of grayling Ihis species appears to have been a 
relict of the Great Ice Age and to have persisted in favorable cold 
water sites and has been separated from the circumpolar grayling 
since that lime Quite probably there is no specific difference between 
the currently recognized throe species cjf North Amencan grayling 
Our study shows a marked diffcri nee m growth rate, but sine e m each 
instance there are sufficient data from only one localit>, environ¬ 
mental differences cannot be ruled out It is also jwssible, but not 
likely, that the Otter River grayling is raemlly different from the one 
formerly occurring throughout the northern section of the Southern 
Peninsula For the present purposes the name Thymallus (ncolor 
Cope, 1865, may be used in connection with the Otter River s|mjci- 
mens, with the reservations noted above Studies are now in progn ss 
by other workers on the specific status of the existing Michigin gray¬ 
ling 

VI AOF AMO GROWTH 6TUDIF8 OF GKAlLINti FKOM 
MlCUle,AN AND MONTANA 

The specimens of grayling at our disposal consist of individuals 
from Michigan and Montana specimens from Montana arc included 
in this account to give some idea of the comparative growths 

The scales used m this study were obtained fnmi the side of tlu 
fish above the lateral line and below the middle of the dorsal fin 
They were cleaned and mounted m the sc^dium silicate, glyconn 
medium Readings and calculaticms of the ago and growth of the 
graylmg were made from a typical fash-»cale projector (for mctliods 
see Greaser, 1926, pp 10-12) 

The scale of the grayling is exceptionally easy to decipher The 
growth-cessation marks are quickly established and arc ckorly 
marked Since the grayling spawn early in the spnng, activity at 
this time merely serves to accentuate the winter mark 

Our material of the Michigan grayling consists of thirteen speci- 
mens, and all except one are from the Otter River Very fortunately 
this Otter River series vanes m size from 90 mm (4J inches) to 
242 mm (11} inches) and permits the construction of a tentative 
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growth curve of Hpecunena from this nver All year groups from 
0 to in are represented, and to this information we have added 
computations of length based on scale measurements The scale of 
the grayling shows conclusively that it undergoes a very definite 
period of grow th cessation, as will be noted in Plate XCVII Compu¬ 
tations and measurements show that the average growth of the Otter 
River grayling for the first growing season is about 86 mm standard 
length, or about 4J inches total length At the end of the second 
growing season they ha\e attained a siise of 178 mm , or about 
inches At the end of the third growing season they have attained a 
standard length of 232 mm , or a total length of about 10}^ inches 
The growth increment in the fourth growing season cannot be given 
with any degree of surety We have examined a single specimen pre¬ 
served at the end of its fourth growing season This specimen, now 
m the Cranbrook Institute of Science, was removed from the Otter 
Ru er at the bcgmning of its third growing season and placed in a 
hatchery stream At or near the end of its fourth growmg season 
it wiis 212 mm long, or 111 inches total length (see Fig 46) 

The single spetimen that we have seen from the Au Sable River 
at Grayling, Michigan, at the end of its third growing season (Sept 1, 
1960) was 258 mm long standard length, or 11J inches total length 
The computed length for the first growmg season is 86 at 
about 4J inches, and for the second growing season 1§1 tam^ or 
about 8J inches 

The Montana grayling from Georgetown md lakes, ac¬ 

cording to our o<»mputations, measurmnents, and scale readings of 
seven specimens grow considerably faster than the Michigan gray¬ 
ling from the Otter River The ei^puted length for the first growing 
season is 91 mm , or about 4} inches total length, for the second grow¬ 
mg season, 234 mm , or about lOf inches (about as long as the average 
of the Michigan grayling from Otter River one year older) At the 
middle of the third growing season the Montana grayling averaged 
292 mm, or about 13! inches total leng^ Two i^iedmens from 
Rodgers Lake eofleoted in the middle of their fifth growing season 
averaged 341 mm standard length, or about 16! inches total length 
(see Fig 46) 

Such data as are available to us indicate that there is little if any 
difference in growth which may be attributed to sex 

From our evidence it seems certain that the grayling in the Otter 
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River mature at the end of iheir second growing season Iho single 
female specimen of about this age (caughf late in the second grow¬ 
ing season) which we ha\e from this river fshows the eggs in early 
Btagos of development, whereas a specunen from Montana of shghtly 



Fio 46 Comparative growths of the Montana and the Michigan gra>hng I or 
the Montana grayling the unbroken line repreneuts individuals hom George¬ 
town Lake, the broken line, tao from Rodgers I^ko These last tAo were 
not used in the computations For the Michigan giaylmg the unbroken 
line represents individuals from the Otter llivtr the broken line, a single 
speelmen from the Otter River, which was removed t<i a hatchery at tin 
beginning of its third growing season Tliis specimen was not used m the 
oomputations 

younger age has npening ova bpawning probably takes place at the 
beguming of the third season The males are almost mature late 
in the eooond growing season I'he Otter River grayling thus reach 
maturity at an average aiae of 178 mm, or about 8i mches 

The comparaUve growths of the brook trout, the rainbow trout, 
and the grayling are of interest Ricker (1932, pp 77-81) states that 
in the Mad River, Ontario, the brook trout late m the summer have 
an average length m their first growing season of 2 inches, in their 
second growing season they are 4 9 inches long, in the third growing 
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soaeon they are 7 6 inches long, and those which are in their fourth 
season are 10 4 inches long Harmrd (1932, pp 347 349) gives the 
following information about the average lengths of wild brook trout 
in New York Tht average standard length at the end of the first 
growing season is 9 4 cm (4J inches hdal length), at the end of the 
second growing season, 13 6 un (about 6 inches total length), at the 
end of the third growing season, 16 8 cm (about 7i inches total 
length) The brook trout quite clearly is a more slowly growing fish 
than the grayling 

Mottley (1932, pp 148 161) gives some data on the Kamloops 
rainbow trout (Salnio kamloops Jordan) He found a different growth 
rate correlated with environment of lakes and streams The stream 
rainbow trout grew more slowly, but even they had attained a length 
of about 7 inches at the end of the first growing season, 14 inches at 
the end of the second, 16 inches at the end of the third, 19 inches 
at the end of the fourth Leach (1923, pp 34-35) states that rainbow 
trout (iSalmo shaeta) under artificial conditions attain the following 
lengths at the end of the first growing season, 8-10 inches, at the 
end of the second, 12 14 mches, at the end of the third 16-18 inches 
Ijoach surmises that the trout would average 2 inches smaller under 
natural conditions The rainbow trout seemingly grow faster than 
the Otter River grayling 

vn NATURAL HIBTORT NOTES 

Ihe Michigan grayling was formerly a very prdific species 
Probably the closest approach to its numbers m the state today is 
that of the smelt, Osmerus mardax Like the smelt, the grayling is 
a sprmg breeder During the breeding season m the past century 
thousands of grayling were caught Parker (1889, pp S3’’87) re¬ 
cords that vast numbers were taken in the Hersey branch of the 
Muskegon River in the early spring breeding run These fishes were 
slaughtered by the thousand, and no lees than a half-doeen wagon- 
loiuls were hauled away Hinsdale (1932, p 16) digests information 
giv en by H B Honey» which testifies to the former abundance of 
these fishes party of two gentlemen and two ladies who en¬ 
camped upon a stream for about a fortnight caught 3,000 greyhngs, 

> The Impi)rtance o/ Afortf Effective LegtM*on for the Proteelum of Oame and 
Fuh, Michigan Sportsmen s Association for the I^leotion of Fish, Game, and 
Birds 1879 
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2,000 of which wore taken to ( hicago, I he other 1,000 not being in 
sufficient)j good state preservation Ixj be trinsportcd Anotlirr 
party from Chicago caught, during an expe<lition of 4 wetks, 5,000 
greyhngfl 

At the present time graylings occur in vast numbers m Alaska 
Here, as formerly m Michigan, they take a fly very readily m the 
bright daylight In spite of the fact that they bil( readilj they are 
rather difficult to land, since their mouths are verv tender Ihey 
are largely msectivorouh and live in rapidly moving waters Ihe 
ease with which they ma> be caught wilh a fl> doubtlt*^ contnbuttd 
to their decrease in numbers 

Tlie former remarkable numlHjrs of this species of fish may in 
part be attributed to its ficumiity Jerome (1879, p 29) records 
that 3,555 eggs, as detennim d by a count were t ik( n from a female 
which weighed nine ounces after their removal A large brook trout 
IS much less prolific 

In the literature there has been much discussion regarding the 
taste of tins fish there is rather general agreement that it does 
not taste like either the brook or the rainlK>u trout According to 
some fishermen, it tastes like the whitcfish Mi Hanselman of 
Ann Arbor, who has caught grayling in tin Mamstcc River (PI 
XCVIII), says that the taste and the texture of the flesh differ little 
from those of our native ciscoes 

Iho causes underlying the disappearance of the gra>ling are un¬ 
known Several thcones have been advanceil Overfishing has been 
repeatedly mentioned as the reason for its near extinction Acid 
pollution from cedar logs, sawdust pollution, and log driving, have 
been advanced as factors m the depletion of the sixjcwjs Mershon 
(1923, pp 170 171) says, however, that after the log drives had 
ceased the grayling again l)ecame abundant He favors the view 
that the introduction of the rainbow and the brook trout were con¬ 
tributing factors in the disappearance of the grayling in the Au 3able 
and Mamstce nvers The grayling have, howev^er, persisted for 
some time m the Otter River in company with other trout The 
mterrelationshipH of the various siiecies may have had some lieanng 
upon the final extinction of the grayling A theory which has not 
received much consideration concerns the temperature requirements 
of this species The clcanng of the forests and the subsequent burn¬ 
ing most certainly caused a rise in tlie average summer temperatures 
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of the streams, perhaps beyond the toleration point of these fishes, 
as has been indicated for the brook trout (Creaaer, 1930) It should 
be recalled here that the grayling is a glacial relict which became 
established at the edge of the retreating glacier in ice-fed nvers and 
persisted since that tune m favorable situations Merehon (1923, 
p 178) mentions that the temperature of the water on the Au Bable 
River on April 30,1874, was 40® Fahrenheit This appears to be the 
only teraiierature record made of the water of the Au Sable during 
the days when it was inhabited by grayling 

VlII PROBLKMS OF PROPAGATION 

if rom the standpoint of propagation, the relative growth rates of 
the Montana and the Michigan grayling are extremely important 
There is a great possibility that the differential growth rate of gray¬ 
ling in the two states may be genetic rather than environmental in 
nature If this be true and if the grayling should prove to be desir¬ 
able, the Montana graylmg aliouid be the one reared for sponng 
purposes 1 he advisability of restocking our lakes and streams at 
this time with Montana grayling is extremely questionable The 
ease with which they take the fisherman's fly removes most of the 
clement of sportsmanship in this pastime They are too easy to catch 
Moreover their food h^its render them competitors of some of the 
other well-established species of trout Also attempts U> plant 
grayling in the past have apparently met with no success at all 
Finally, it is strongly desu^ble that wre information be availaUe 
on its environmental requirements b^ore plantings are attempted 

For scientific purposes if for no other the Michigan grayling 
should be maintained and e\ery effort should be now extendi m 
this direction Perhaps it is even now too late 

IX SUMMARY 

The Michigan fcrayhng fwineriy occurred widely distributed 
throughout the northern part of the Southern Pemnmda It stdl 
persists m rapidly diminishing numbers m the Otter River m the 
Northern Peninsula 

The Montana grayling has been planted in the Otter River, com¬ 
plicating studies of a systematic nature 

The grayhng in the Otter River grows more slowly than the 
corresponding spe(»6s In Montana The brook tnout i^ws somewhat 
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more slowly than the Michigan grayling, the rainbow trout Heemmgly 
grows faster 

Notes and testimony on the former abundance of the grayling are 
given The reasons underlying its disappearance are considered with 
special attention given to the neglected temiierature theory 

The desirability of savmg the Michigan grayling from extmcMou 
U mentioned The wisdom of further attempts iit planting Mont ina 
grayling at the present time is questioned 
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A COMPARATIVE STUDY OF THE BENTHIC 
FAUNA OF FOUR NORTHERN 
MICHIGAN LAKES* 

JRANK I ^(RilFTON 
INlROimCTION 

T he bottom fauna of a lake vanea qual tatively and quantita¬ 
tively not only with the seasons of the year, but also with depth, 
with physico-chemical conditions of the superimposeil \\ater, and 
with the character of the bottom deposits These facts, now well 
established by such recent work aa that of Miyadl m Japan, Lund- 
beck and Lent in Germany, Lang m Sw eden, Stankovic m Yugoslavia, 
Decksbach in Russia, Adamstonc and Raw son in Canada, and Juday, 
Scott, Richardson, and Egglcton m this country, were practually 
unknown ten years ago Contributions to our knowledge of th'>se 
phenomena have appeared frequently during the last six years 
However, though these contributions hav p added significantly to this 
phase of limnology, many more such studies must be made before 
we shall have amassed data sufficient to justify concise statement of 
those basic prmciples which will reduce to a coherent whole what 
still frequently appears to be a great heterogeneity of uncorrelatcd 
facts 

The present paper offers results of a study begun m 1926 as an 
additional investigation while the author was primarily engaged upon 
another bottom-fauna problem, and aimed at a comparison of th*'^ 
benthic population in four lakes geographically closely situated but 
ecologically widely different Tlie investigation has been continued 
during the last eight years, and observations wore made at irregular 
intervals until the summer of 1933, when the author made it his 
principal research project for the season The lakes In which the 
study has been conducted, namely, Douglas, Lancaster, Vincent, 

♦ Contnbution from the Umvenrit^ of Michigan Biological Station and from 
the Zoological laboratory of the Univornty of Michigan 
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and Munro, are all situated in Munro lownship, Cheboygan County, 
Michigan, and he withm the C’heboygan Hivor drainage basin Map 
44, a sketch map prepared from an acnal phntographu map made by 
the United States Army, shows the drainage from Munro Lake 
through Lancaster lake and into lX)uglas Take, whuh m turn 
empties through Maple Kucr into Burt Tiiikt, thence through Indian 
River, Mullelt Lake, and the Cheboygan River into the Straits of 
Mackinac On Map 44 the source of Maple River is showm where it 
nses at the southwesbm corner of Douglas Lake Vincent T ake is 
the only one of the four which has no surface inlet or outlet 

Jewell and Brown (1929, p 449), writing about Munro Lake, 
state “ The outlet at th< north end of the lake fonnerly flowed into 
Lancaster Lake, but at the tune of this study was dry most of the 
time Only once, during the summer of 1921, has the author ob¬ 
served any trace of a current m this outU t ” While it is true that 
the volume of water entering Lancaster Lake througli North Munro 
Creek is always small dunng the summer, apparently ncvir equaling 
that brought m by the Northwest Inlet (Map 44), nevertholcas, the 
present writer has never seen it dry or entirely devoid of current on 
any of the numerous occasions on which he has followed it throughout 
Its length Ihe condition descnl>ed by Brown and Jewell appears, 
therefore, to have been abnormal Within the author’s experience 
Bessey Creek has always maintained a continuous flow, lessened 
during late summer but evident even dunng low-water years Iho 
water level in Douglas lake sometinics falls so low dunng August 
and September that Maple Rher is practically dry at its «ourre, 
although farther downstream, augmented by small feeder streams, 
it may maintain a current 

The stnkingly different limnological character of the numerous 
lakes which he within a radius of fifteen miles from the University 
of Michigan Biological Station has been known for more than a 
decode, and many studies dealing with various aspects of limm logy 
have l^n conducted on these waters and published by Professor 
Paul 8 Welch, his students, and associates Sev oral of liiese papers 
are concerned with one or more of the lakes studied m this investi¬ 
gation and some of them are of special interest m this connection 
Among them are the following Tucker (1913), Reighard (1915), 
Jewell and Brown (1924,1926,1929), Welch (1928), Welch and Loomis 
(1924), Welch and Eggleton (1932), and Eggleton (1931, 1932) 
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That the pronounced diversity of aquatic habitats in the vicinity 
of the Biological Station offered excellent opportunities for many 
boltom*fauna studies was evident to the author as long ago as 1923, 
and in 1926 Douglas, Vincent, and Munro lakes were selected for a 
comparative study of their benthic populations because of their 
marked morphometric, phy<uco-ohemicaI, and biological differences 
Lancaster Lake was actually not included In the plans of the problem 
until some time later, although data from certain physioti-chemioal 
determinations made during 1926 and from some bottom samples 
taken in the same summer are included m this paper 

Professor Welch and the author have completed the field work 
for a joint contribution on Munro Lake, and therein will be discussed 
the bottom fauna of that lake in much greater detail than can be 
attempted here Likewise, the present writer expects to begin an 
intenmv e study of Lancaster Lake bottom fauna during the summer 
of 1934, and many data already at hand concerning that lake will be 
included in a later paper 

Meihodft - The methods employed in this investigation hav o 
been substantially the same as those used by the author m other 
bottom-fauna studies, and for details the reader is referred to previous 
papers (Eggleton, 1931, 1932) It may here be stated, however, that 
bottom samples were collected with a small Fkman-Birge dredge, 
temperatures were taken with Negretti and Zambra thermometers, 
and procedures outlined in Standard Methods of Water A nalym were 
followed in chemical determinations Conductivity was determined 
by the use of a Digby and Biggs Dionic Water Tciiter (Evershed, 
1911), and results are recorded in terms of reciprocal megohms 
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MOHPHOMll-TJUC FEATITRES OF THE LAKEH 
Douglas Lake 

The morphometry of Douglas Lake has already been described 
by Scott (1921, pp 106-117), Welch (1928, pp 426 429), and Eggle- 
ton (1931, pp 241-243) Although clearly defined differences exist 
among the seven depressions of tins lake, data from but two of them. 
South Fish-Tail and Grapev me Point depressions, have been included 
in the prcsimt paper South lish-fail depression occupies the larger 
part of South Fish-Fail Bay and attains a maximum depth of 24 
meters It is isolated from the other depressions of the lake just 
below the 9-motcr contour, at which level the area of this basin is 
375,150 square meters Grapevine Point depression has an area 
of 413,940 square meters at the 9-meter isobath, and just above that 
depth It is isolated from all othir deep-water areas of the lake 

Munro Lake 

Munro Lake is the second largest although the shallowe^st of the 
four lakes A detailed hydrographic map of this lake has l>een pre¬ 
pared and will appear m a subseiiuent paper Since the lake has a 
maximum length of about 1 8 kilometers, a maximum width (meas¬ 
ured at right angles to the length) of approximately 1 2 kilometers, 
and a maximum depth of less than 6 meters, the slope of its floor is 
very gradual, in fact, the lake bed is practically level throughout 
moat of its extent This feature is in marked contrast to the condi¬ 
tion found in the depressions of Douglas Lake and In Lancaster T^ake 
The data here presented for Munro Lake were gathered partly in 
the southern end of the lake, within Section 16 (Map 44), and partly 
somewhat to the north of that point, where the roa<l forming the 
southeastern Imrder of Section 4 stojie at the beach 

Vincent iMke 

The smallest of the lakes included m this study is Vincent 
Jewell and Brown (1924, p 79) reported tliat this lake has “a maxi¬ 
mum length of about 1600 ft and a width of about 1000 ft Like 
Munro, Vincent Lake has a gently sloping floor, although, since its 
maximum depth approaches 7 meters and its length and width are so 
tnueh less, its mean slope is somewhat greater than that of the larger 
lake Bottom samples have been taken throughout the whole 
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central basiTi of Vincent Lake, sonic eif them in sonos cxt^endmg from 
the docpo-st water up the slope to the shore line Data which from 
many records apjiecr typical of the lake have haen selected for in¬ 
clusion in this report 

Lanrasier 

As a basis for morphometric and biological computations a 
hydrographic map of Lam aster Lake was made during the summer 
of 193 i (Map 45) Positions of permanent monuments, over winch 
transits were placed, arc indicated by small triangles near the shore 
line Depths in meters of the isobaths are shown on the map As 
will be seen, a very considerable proportion of the lake floor lies 
beneath deep water Several soundings of a little mon than 17 
meters were made within the area included by the 17-meter contour, 
but are not indicatcil in the map 

Benthic zones “-In a previous paper (Eggicton, 1931, p 245) 
the author defined the extent of the various benthic zones in the lakes 
there studied as follows th< littoral zone of the botUim is 

understood to mean that region lying between the shoreline and, 
approximately, the lake ward limit of aijuatic vegetation The 
profundal zone extends from the greatest depths (in lakes here con¬ 
sidered) up the slope toward shore to a point somewhat above that 
corresponding to the average upper limit of the hypolimmon The 
subhttoral lies between these two 

** In Douglas Lake, the littoral zone would thus extend from the 
shoreline to a depth of about 9 m, the eublittoral, 9-15 m , while 
the profundal includes all the bottom below the latter depth, 15- 
28 m ” These definitions are here applied to Lancaster, Vincent, and 
Munro lakes Under their terms the benthic zones of these three 
lakes would have the following extent 

I^ncaster Lake littoral, ithore line to S-meter depth, sublittoral, 3-6 melcra, 
profundal, 6-17 meters 

Vincent Lake littoral, shore Ime to 1 5 meter#, subhttoral, 1 5-deepest water, 
profundal, none 

Munro littoral, practically the entire lake floor, sublittoral, a relatively 

small area within the deepest water, profundal, none 

It IS thus at once apparent that these four lakes differ greatly 
among themselves m the character and extent of their benthic 
habitats 
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PkystoQraphy and inorphonneiry of LancwUr Lakt 


Maximum length 
Maximum breadth 
Mean breadth 
Maximum depth 
Mean depth * 
Direction of mam nxt« 
Surface area 
Klevation 

Ixsngth of shore line 
Shore development 
Mean slope of bottom 
Volume 

Volume development 


fi56 meters 
4&6 meters 
329 meters 
17 6 meters 
8 84 meters t 
north and south 
210,335 sq meters 
about 217 0 J: 1 5 meters 
(722 0 ±50 ft) 

1950 meters 
1 2 

11 5 per cent t 
1,800,152 cu meters 
1 52 


♦ Also called “reducotl thickness ” 

t The figures were computed with fonnulae given by Juday (1914, p 122) 


TABLK I 

Aheas ano Volumes of thm Water at Various LKvor-8 in 
Lancaster I axe 


Depth 

in 

metora 

Areas 

1 

Vniumo of 
each 
stratum 
in oubio 
meters 

Percentage 
of total 
volume 

Underlying 
volume in 
l>eroentage 
of total 

Square 

meters 

Percentage 

of 

surf are 

Stratum 
m meters 

0 

210 336 

100 

0-1 

104 180 

10 44 

80 56 

1 

173 462 

84 0 

1-3 

336 198 

18 07 

71 40 

3 

157 045 

751 

3-5 

296 780 

15 05 

55 64 

5 

130 041 

66 1 

5-10 

502 036 

31 83 

23 71 

10 

03 000 

47 0 

10-16 

394 216 

20 66 

306 

15 

50 720 

27 0 

15-17 

65 576 

300 

006 

17 

6 884 

33 

17-17 6 

1 161 

006 

000 

17 6 

03 

_ 

Total 

1 860 152 

ibooo 

000 


TABLE II 

I KNOTH OF Contours ano Arras Brtwrbn Contours in 
Lancastbr Laud 


Depth 

m 

meters 

length of 
oontxtur m 
meters 

Stratum in 

meters 

Area between 
contours m 
square meters 

Percentage of 
total area 
between contours 

0 

1050 

0-1 


15 2 

1 1 

1726 

1-3 


97 

3 

1500 

3 5 

18 004 

90 

5 

1500 

5~10 

40 131 

19 1 

10 

1360 

10-15 

42 100 

200 

16 

1025 

15-17 

40 835 

237 

17 

2000 

17-17 5 

6,884 

33 

17 5 

1 

m— 

JloaSS 

100 0 
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CompartHon of the morphometry and phymography of the lakes 

1 hese four lakes \ \ry greatly from one another in many respects 
On the basis of certain morphometric measurements they can bo 
placed in two classes, and on the bases of the physical and (hemieal 
nature of their waters and of seveial biological crilona they can like¬ 
wise be classified into different groups It is a notu cable fact, how¬ 
ever, that win never the new criteria of classification arc adopted 
the grouping of the likes w apt to be diffirent Ihus, if those four 
alone are considered, Douglas and Munro are large lakts, Vincent 
and Lancaster are small ones If, now, they be separated on a basis 
of depth, Douglas and liancastcr belong in the same category ami 
Munro and Vincent in another If the lakes are groU|)ed according 
to inflowing and outflowing streams, Douglas and Lancaster are alike 
in that they both ha\o inl< ts and an outlet, while Munro is different 
from either of them in having an outlet hut no true flowing inlet, 
and Vincent, with mithir visiblt inlet nor outfit, is alone in a third 
class Though exact figures for \inctnt and Munro remain to be 
computed, yet when they are compared with the known facts con- 
oenung mean slope of the bottom in Douglas and Lancaster, it set ms 
certain that the four lakes could lie arranged in a senes showing rather 
constantly decreasing abruptness of slope from Lancaster through 
Douglas and Viiuent Ui Munro Manv more siuh claasifications 
of these lakes could be made on the basis of the different inorpho- 
metncal, physical, chemical, and biological features which they 
exhibit Such extensions would, however, serve only to illustrate 
further a fact already well e-stabhshed No one of the lakes is like 
any of the others m all of its characteristics 

PHVSICO-CHtMICAL FFArtttl-S OF THE LAKFS 

The four lakes arc quite as distinct from one another in Ifieir 
physical and chemical constitutions as they are in their uiofpho- 
metrical features Tables IIl-V present physico-chemical data 
showing in a comparative manner vertical vanation of these factors 
in each of the lakes at three different seasons of the year, early spring, 
midsummer, and late autumn Table VI contains a summary of 
certain thennal and chemical data obtained! in the four lakes during 
the years 1926^33 In all these tables the data included have been 
selected for a few dates from among many complete senes in order 



618 Frank E Eggleion 

to illustrate the physico-chemical conditions typically present in 
these lakes 


Douglas Lake 

In Douglas Lake physico-chemical conditions are greatly different 
in each of the seven major depressions Ho\^e\er, since but two of 
these regions of deep water are considered in this paper, they alone 
will be discussed in this connection South Fish-lail depression is 
typically stratified thermally in summer and likewise shows well- 
developed chemical stagnation within the hypolimnion during the 
latter part of the summer season Surface temperatures are seldom 
as high as those encountered in the smaller lakes, and the fall m 
temperature within the ordinarily rather extensive epilimmon is 
frequently slight Secondary thermoclines occasionally are present 

Table III conlams data secured by the author in the spring of 
1931 (Apnl 14-17) At that time the \ ernal overturn w as in progress, 
and Douglas l4ike was homothennous from top to bottom, with 
the temperature at 3 6 m South Fish-Tail depression and somewhat 
higher, 3 8, m Grapevine Point depression In respect to pH of the 
water, amount of dissolved oxygen, and free carbon dioxide, the two 
depressions were practically identical 

So far as the writer is aware, no record has ever been published 
concerning disappearance of the ice from this lake in spring It there¬ 
fore becomes of interest to record the following facts in connection 
with the physico-chemical data m Table III Mr Britt Riggs, care¬ 
taker of the Biological Station, reports that on Apnl 4,1931, there 
was solid ice 18-24 inches thick on the lake and cars were being 
driven o\er it On April 8 the ice was still solid, and in but one small 
place was there any evidence of its beginning to break away from 
shore On Apnl 11, however, the ice began to break up rapidly and 
on Apnl 12, under the combined influence of warmer weather and a 
high wind, most of the ice went out of the lake The wind, although 
somewhat abated, continued fresh on Apnl 13 and shifted into the 
northwest, with the result that all the remaimng ice was pushed 
into South Fisli-Tail Bay When the wnter arrived at the Biological 
Station at 6 00 p m , Apnl 14, the ice extended from m front of the 
center of the Station grounds lakeward to a point somewhat east of 
the center of the bay and then tapered off in a northwesterly direction 
to near the tip of Grapevme Point (Section 28, Map 44) There was 
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thuft an ice field, composed entirely of small cakes 2 meters in di¬ 
ameter or smaller, occupying the whole southweslern piirtion of 
South Fish-Tail Bay The following morning this ice was frozen 
firmly together, but during the day it broke up again, melted con¬ 
siderably, and by night had shrunk to an area hardly more than a 
hectare (2 47 acres) in ixtint and was entirely composed of long, 
cylindrical ‘^crystals,” about 2 centimeters in diameter and 20 25 
centimeters in length, which floated upright in the water and ar¬ 
ranged themsehos in a honeycomb formation The following day, 
April 16, this fit Id of “crystals” shifted to a position directly in front 
of the Station and by that night had shrunk to less than half the 
area it had occupied on the prev urns day / bout 7 00 A m , April 17, 
when the writer left the Station, a fresh wind from the southwtst was 
fast carrying this kc out into tht lakt and scattering it widely Dur¬ 
ing these three days, April 15 17, there had been no pereeptibh 
change m the earlv-moriiing surface temperature of the water in 
South hiah-Tail Bay 

Munro Lake 

The slight depth of this body of water is reflected m the rapidity 
of Its temperature changes During the hot weather of summer 
little difference exists between surfaie and bottom temperatures and 
they are uniformly high (Table IV) In spnng the lake warms up 
quickly (Table III), and m autumn it cools off more quickly than 
any of the others (Table V) It almost never stratifies thermally 
The only thermocline found there by the author was on Jul> 20, 
1932 (Table VI), and c\cn then it was just beneath the surface and 
was plainly ephemeral The pH of this lake is always on the al¬ 
kaline side of the scale, and there is never more than a slight vertical 
variation In fact, the most noticeable physicii-chemical feature 
of the lake is its practical uniformity from top to bottom at all 
seasons of the >ear (tables III-VI) 

VtnceiU Lake 

The one thmg which, from a physico-chemical standpoint, most 
clearly charactenzes Vmcont Lake is the acid reaction of it« water 
Jewell and Brown (1924) found the pH to be as low as 4 4 and re¬ 
ported in a later paper (Brown and Jewell, 1926, p 23) that m 1925 
“samples from this lake wore consistently 4 4 between July 1 and 
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July 29/* but that, “When the water was tested, August 11 
and 12, it was fimnd to have a pH of 6 4 ” In a third paper (Jewell 
and Bro>\n, 1929, p 456) these authors rep<jrt an extreme variation 
m Vincent Ltkc from pH 4 4 to 7 2 for the >ears 1923 26 During 
the course of the present investigation the pH was found to vary 
from 5 7 to 7 0 at the surface and between 5 4 and 7 0 at the bottom 
(Isble VI) for the years 1926-33 

Like Munro, this lake very seldom shows thermal stratification 
and typically has an abundance of dissolved oxygen from surface to 
bottom The w iter is very soft The amount of carbonates present 
IS but a small fraction of that found in the water of Douglas, Lan¬ 
caster, and Munro lakes (Table VI) Being shallow, the water warms 
up (jmckly in the ‘Spring (Table Ill), liecomes warm throughout in 
summer (lablcs l\ and VI), and cools off early in the autumn 
(lables V VI) One of the more recently added routine analyses 
usetl by the writer in the study of thcsse lakes has been that of con¬ 
ductivity or specific conductance Tables IV and V show that, of 
the four lakes studied, the waters of Vincent Lake were by far the 
lowest in electnilyte content, having less than one tenth of the amount 
present in Douglas Lake However, Vincent Lake has a noticeably 
higher specific conductance than that of the majority of seepage 
lakes studied by Juday and Biige (1933) m northeastern Wisconsin 
Tliey reported (p 237, Table IX) that of 238 seepage lakes in¬ 
vestigated sbghtly more than 86 per cent gave conductivity readmgs 
of less than 20, the value shown for Vincent I^ake in Table IV of this 
paper 


Lanca^kr Lake 

Although a relatively small lake, Lancaster has a considerable 
depth for a IxKly of water of its siae This feature, together with 
the steep slope of its floor and the protection afforded it from the 
prevailing winds of the region by surroundmg hills and forests, 
results in a very abrupt tbermocline, ordinarily located near the 
surface Summer surface temperatures run rather high and bottom 
temperatures decidedly low for a small lake m that latitude and with 
a maximum depth of only 17 meters TaWe V shows Uiat the lake 
cools off slowly in autumn, and In this respect It stands sharply in 
contrast to the shallow Munro Lake 

And again in contrast to the other three lakes, the water of 
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Lancaster Lake is rather highly colored Measurofl with the standard 
comparator of the Unite<l States Geological Survey the brown color 
of this water showed a \aluc of 59 on the platmum-oohalt standard 
scale Associated with the abruplness of thermal stratification there 
IS ordinarily present a well-de\ eloped chemical stagnation within 
the hypohmnion Oxygen disappears from the lower water quite 
early in the summer and by late July is often wholly al)sent below 
depths of 10 or 12 meters (I ables IV and VI) The water w typically 
alkaline in its reaction, only rarely falling below 7 0 on the pH scale, 
and carries considerable amounts of dissolvetl substances as indicatod 
m Tables IV-VI 

THK BKNTHIC FAUNA Ol- Uih UAKFS 

In Vincent and Munro lakes the bottom-fauna sampling senes 
have extended from the deepest water up to depths of one meter 
In Lancaster Lake the senes have extended from the 17-inctor depth 
up the slopes to the 2-nieter contour, whil» m Douglas Lake they 
have not extended above the 8-meter isobath Representative senes 
from each of the lakes hav c been selected and the data are presented 
m Tables Vll-X These tables show both qualitative and (quanti¬ 
tative variations of Iwttom fauna m each lake at different depths 
and at different seasons of the year 

Seaeonal VanaUons 

Qualxiaiivt — The benthic population on any region of a lake 
floor was found not to be qualitatively the some at all seasons of the 
year This fact was particularly evident m the littoral and sub- 
littoral sones, but even within the profundal zone lu Douglas and 
Lancaster lakes certain forms which were present at one season of the 
year were not always there at other times As was demonstrated by 
the author's earlier work on the profundal benthic fauna, the ammals 
typically present within that zone on the floor of Douglas Lake m- 
cluded representatives of the genera Corothra, Ghironomus, and 
Protentbesi and of the families Tubiflcidae and Sphaerudae Tables 
VII, VIII, and X show clearly that the same taxonomic groups are 
represented in the profundal benthic fauna of Lancaster Lake, but 
that not every one of these groups is represented in the profundal 
henthie fauna at all seasons of the year ui either Douglas or Lancaster 
Thus, on August 10,1933, neither Chirouomus nor Protenthes larvae 
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were taken below b inetens in Lancaster Lake, although Corethra 
larvae, ^Pubifacidae, and Sphaeriidae i^ere present e\en at 16 meters, 
whereas a little more than a month previously specimens of each of 
these five groups were found at the 15-meter depth 

The clearest evidence of the qualitative seasonal vanations within 
the benthic fauna is to be found, however, in the column headed 
“Ail others“ in the tables Within the profundal zone of Douglas 
Lake depressions and wilhin the same zone in Lancaster Lake this 
group disappears during the summer stagnation periods, but appears 
again durmg the autumnal overturns Only a few autumnal records 
arc available for these lakes, hence it is not known how far mto their 
profundal regions the members of this heterogeneous group of 
benthic animals may penetrate, although the more nearly complete 
records m Third Sister Lake (Eggleton, 1931) indicate that they 
probably spread out over the whole profundal zone during the period 
of the overturn 

Quanlitaiive — The total quantity of the benthic population, 
whether considered at any particular depth within any one of the 
three zones, or over the lake floor as a whole, was found to vary 
gre4itly from one seasc>n of the year to another In the tables the last 
column, which gives the “ Total,'' reflects this great seasonal vari¬ 
ation in the density of the benthic fauna 

No spnng records for any of these lakes have ever been published 
before, and the only records known to the author are those presented 
m Table IX These data were secured on April 16 and 16, 1931, 
immediately after the ice broke up and just at the inception of the 
vernal overturn The benthic population within the sublittoral and 
profundal zones was much greater at that time than it was during the 
followmg July, and was also greater than during August, 1933 
(lable VII) However, the benthic population found within the 
same zones of the same depression on November 6, 1933, was much 
more dense than it was even m the spnng of 1931 Whether this is 
duo to a difference between the productivity of the lake floor during 
1931 and that during 1933 or to losses suffered by the bentbio fauna 
during the winter, is, of counse, debatable liie wnter is of the 
opinion, however, that either cause might account for the difference, 
but that probably both of them were concerned 

That the productivity of the benthic zones varies from year to 
year is evident from a companson of the data presented concerning 
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this depression for July 9, 1931, and for August 14, 1933 (lables VII 
and IX) Ibe 1933 data show that the bottom fauna was consider¬ 
ably more abundant in that year than m 1931 Hoi\ever, the records 
for the former year were taken more than a month later in the season 
than were those of the latttr It must be admitted that the emergent 
forms began to appear as adults earlier in 1931 than they did in 1933, 
but even among the nonemergent types the total bottom population 
appears to ha\e been heavier in 1933 than it was two years earlier 

Quantitative seasonal variation of the bottom fauna in Lan¬ 
caster Lake is as evident as it is for Douglas Lake On November 4, 
1933 (Table VIII), the total number of organisms per square meter 
of lake bottom in LancasU r I^ke was mui h greater throughout the 
subhttorol and profundal than it had been at the same depths on 
the precetling August 10 (lable VII) The number of Corethra 
larvae in particular had increased greatly by November, and likewise 
the Chironomus larvae were more nuincnms m the autumn than in 
the summer, while certain other forms were less abundant at the 
levels sampled However, it is Ihe “lotal” column which again 
demonstrates most clearly this seasonal variation in the benthic 
fauna When this last column is compared m Tables VII, VTIl, and 
IX, it will be seen that in each of the two lakes there is a pronounced 
nse and fall lu the total bottom population as the four limnological 
seasons of the year — vernal overturn, summer stagnation, autumnal 
overturn, and winter stagnation — follow each other in the manner 
typical of temperate-sone lakes of the second order 

Despite the fact that Vmcent and Munro lakes are greatly differ¬ 
ent from Douglas and Lancaster in so many ways, they nevertheless 
manifest many points of similarity in the nature and behavior of their 
benthic faunas This fact is stnkingly true m respect to quantitative 
variations of the bottom populations dunng the different seasons cf 
the year (Tables VII, VIII, and X) 

Depth distnhuhon 

When the wnter began an investigation of profundal bottom 
fauna in Douglas Lake, early m the summer of 1923, one of the first 
aims of that study was to determine whether or not the bottom 
population was either qualitatively or quantitatively umform over 
the whole lake floor beneath the deeper w ater In order to ascertain 
the distribution of the benthic population samples were taken in 
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scnea, usually beginning with a set where the water was deepest, 
followed by a second set somewhere up the slope where the water 
was one or two meters shallower, a third set still farther up the slope 
where the water was still shallower, and so on up the sloping sides 
of the lake basin until the littoral or subhttoral zone was reached, 
where the series w ere usually discontinued It was evident, after only 
a few such senes had been taken, that at least in that lake the bottom 
fauna was neither qualitatively nor quantitatively evenly distributed 
over the bottom 

When, m June, 1926, the present study was begun, three years of 
expenence had demonstrated to the author that typically the benthic 
fauna was not evenly distnbuted in any lake yet studied By that 
time the early quantitative invostigations on bottom fauna had 
appeared, and other workers were also finding and beginning to 
reptirt a lack of uniformity m depth distribution of benthic popula¬ 
tions in some of the Eunipean and North American lakes It was 
Pikrnan who really letl the way into quantitative bottom-fauna 
nsearch by his paper which he published in 1916 under the title, 
“Die Bodenfauna des Vkttem, quahtativ und quantitativ unter- 
sucht ” Muttkowski (1918) had reported on his studies of bottom 
fauna in the shallower waters of Lake Mendota, and Juday (1922) 
earned on the work in that lake by investigating, quantitativ oly, the 
bottom fauna in its deeper waters Previously Baker (1916, 1918) 
had presented results of his studies on the mollusks and invertebrate 
fish food from the bottom of Oneida Lake, and m 1921 Richardson 
published the first of a senes of investigations dealing with small shore 
and bottom animals of the Illmois River and its connecting lakes 
And there were others, both in Amenca and in Europe Adamstone 
and Harkness (1923) and Adamstone (1924) wrote conoeming 
bottom fauna in Lake Nipigon With their work and with that of 
Schmassmann (1924) and Lundbeck (1926) depth distnbution began 
to be considered an important part of bottom-fauna studies, and 
data concerning this phase of benthic ecology came gradually to be 
presented and discussed as they are today 

The representative records presented in Tables VII-X indicate 
clearly certain facts concerning depth distribution of bottom fauna 
in these four lakes It is evident, for instance, that the benthic 
fauna is not uniformly distributed over tiie bottom from shore to the 
deepest water This has been found to be universally true for all 
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lakes studied, in all parts of the world, so far as the author is aware 
Tables \ II IX also show that each different kind of bottom animal 
has a depth distribution which frequently is unlike that of any other 
member of the association Different species within the same genus 
are often distributed differently with depth Furthermore, the same 
species 18 often distnbute<l differently in different lakes An example 
of this phenomenon is to be fouml in the distribution of Chironomus 
larvae in South Fish-J'ail depression, Douglas Lake, on August 14, 
1933, and m Lancaster I ake on August 10 of the same year In the 
samples from both lakes the chironoinid fauna on that date was 
largely compo8e<l of Chironomus plumosus L In Lancaster Lake 
these larvae exhibited an unusually uniform distnbution down to 
6 meters, but at that depth ceased suddenly and none wore taken in 
deeper samples In contrast, larvae were found in South Fish-lail 
de|H*c8Sion of Douglas Lake at all depths from 9 to 22 meters, and 
instead of showing a uniform distribution they increased in abun¬ 
dance with increase of depth down to 13 meters, but lielow that 
decreased steadily and rapidly with increasing depth, until at 22 
meters the density of population was the same as at 9 meters (Table 
VII) Other examples of the same kind of vanation in depth dis¬ 
tnbution ran be found in these tables 

One feature concerning bottom-fauna depth distnbution in the 
lakes which is irrefutably demonstrated by these data, but which is 
either ignored or doubted by some workers, is that the depth dis¬ 
tnbution found at one time of the year cannot be assumed to be the 
distnbution typical of that type of lake or even of that individual 
lake at all other times of the year This fact could be demonstrated 
for each group making up the benthic fauna, but it is especially clear 
when the total bottom population is considered Comparison of 
data contamed in the last, i e " Total,column of Tables VII and 
VIII for each of the four lakes and of data m the same column of 
Table IX for South Fish-Tail depression, Douglas Lake, will show 
this fact clearly Figures 60 and 61 are graphs depicting depth dis¬ 
tnbution of the total bottom population in these four lakes in summer 
(Fig 60) and m Douglas and Lancaster lakes dunng the autumnal 
overturn (Fig 51) If the curves for these lakes in Figure 60 are com¬ 
pared with those for the same two lakes in Figure 51, It will be seen 
that distribution of the bottom ammals had changed in several 
fespoois The number of animals per square meter of lake floor be- 
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Temperature ^Cent 
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Boiiom Animals 



Fios 47* 50 In numerical eequenoe theee figuree indicate vertical vanatton of 
temperature In degrees Centigrade, of dissolved oxygen in cubic oentimeteini 
per titer, and of hydrogen ion concentration, and vertical distribution of 
bottom animals in hundreds per square meter In Douglas lake (D1/), LaH'* 
caster I^ake (t t), Vincent Lake (V L), and Munro Lake (M L >, in the 
summer of 1933 
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neath the deeper water was greater m the autumn than during the 
Bummer^ but in shallow water the reverse was true, and autumnal 
populations were less dense than were those of summer further¬ 
more, the region of maximum abundance occurred at a deeper lev el 
in November in both lakes than it did during the preceding summer 
Conceniralion zone — In 1931 the writer pointed out the existence 
of a *one within which the benthic fauna was very much more abun- 


Soiiom Antmala jn Hundreds per Square Meier 
OM^eeto M le ^ 30 3 ^ sa so s* so eM ee ro rt re 



Fiq 51 Vertical distributiun of bottom animals m hundreds per square meter, 
on November 5 1933, m Douglas Lake South Fish Tail depression, and 
in Lancaster f ake 


dant than it was either above or below that region of the lake floor, 
called this part of the benthic habitat the ^^concentration zone”, 
and demonstrated that it shifts up and down the slope of the lake 
floor wilh the change of the seasons Miyadi (1931, 1932, 1933) 
has found the same phenomena occurring in Japanese lakes Figure 51 
shows the existence of such a concentration zone m I^^ancaster Lake 
and likewise redeinonst rates its existence in Douglas Lake at the same 
time It IS very interesting to note the similanty between the 
Douglas Lake curve in this figure and the curve for depth distribu¬ 
tion of bottom fauna m the same region of that lake on October 20, 
1928 (Eggleton, 1931, Fig 65, p 276) Although the maximum 
number of organisms present is different and oltliough the 1933 
curve shows a deeper distribution of the fauna on that date than on 
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October 20, 1928, the two curves arc essentially alike in their im¬ 
portant features E\en more pronounced is the similarity between 
the curve of November 4 5, 1933, for Lancaster Lake and that for 
Third Sister lake on November 8, 1927 (Eggleton, 1931, Pig 37, 
p 270) Evidently that sort of distribution is typical during that 
lirnnologimt seatton of the year m certain kinds of lakes 

No record of midwinter bottom-fauna depth distribution has 
ever been taken in any of these Jakes But early in the spnng of 1931 
sampling senes were taken by the author to determine the distnbu- 
tion at that time m South Pish-Tail and Grapevine Point depressions 
of Douglas Lake The records for South Fish-Tail depression in 
Tables IX, VII, and VIII, when studied in that order, indicate that 
in Douglas I^ake the concentration rone occurs m the lower profundal 
dunng late winter and early spnng, occupies the upper profundal 
and lower subhttoral dunng that part of the summer when stag¬ 
nation of the hypolimnion is most severe, and again shifts down into 
the profundal with the coming of the autumnal overturn The 
curves Indicating depth chstnbution of total bottom {xipulation in 
Douglas and Lancaster lakes during the summer of 1933 (Pig 50) and 
on November 4-5, 1933 (P'lg 51), also show the position of the con¬ 
centration zone m summer and the fact that it shifts down the slope 
with the onset of the autumnal overturn These curves iikewnse 
indicate the very considerable increase m the total number of benthic 
organisms on the lake floor as a whole 

EjFeci of physico^hemtcal factorn 

One of the most powerful sots of factors found to bo influencing 
the qualitative nature, the abundance, and the depth distribution of 
the benthic fauna in these lakes was that imposed by the physico¬ 
chemical nature of the water in the limnetic zone of the lake Figures 
47-60, indicate, in numerical order, the vortical variation of tempera¬ 
ture in degrees Centigrade, of dissolved oxygen m cubic oentiraeters 
per liter, and of hydrogen ion concentration, and the vertical distri¬ 
bution of bottom animals in hundreds per square meter in Douglas 
Lake (D L), Lancaster Lake (L L), Vincent Lake (V L), and 
Munro Lake (M L), in the summer of 1933 Those figures show 
that thermal stratification and chemical stagnation constitute a 
powerful set of factors 

Lundbeck (1926) appears to favor the hypothesis that tern- 
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perature is the controlling factor in distnbution of the chirononud 
fauna Miyadi (1931a, pp 223-224) upholds the thesis that dissolved 
oxygen is the determining factor and states “ In general, chironomid 
and Corethra larvae are most numerous and most widely distributed 
after spawning and their active migration results in a typical distri¬ 
bution for each lake, probably determined for each species by the 
amount of dissolved oxygen Most of the bottom inhabitants 

seem to be indifferent to the temiierature of the water, eg the 
larvae of Endochtronomua and Corethra are found m both alpine and 
baltic lakes Ihe ^ depth at which they live is determined by 
the oxygen content, and their migration is a response to the change 
of oxygen content of the water ” 

The present writer is of the opinion that neither of these positions 
can be successfully defended against all available evidence from field 
and laboratory studies It has been demonstrated (Iggleton, 1931) 
that any one of several environmental factors can bo varied so far 
from the optimum for these benthic animals as to be lethal and 
that certain members of this benthic fauna can be killed by pro¬ 
longed exposure to the most severe stagnation conditions within the 
lower profundal of the lakes themselves It appears doubtful, how¬ 
ever, whether within the range of vanation normally to be expected 
in the natural habitats of these animals, any one factor could vary 
so far as to become lethal or ev cn so seriously unfavorable as to cause 
wholesale migration Rather, it seems that the more probable 
explanation of the oliservcd facts is to be found in the combined effect 
of all factors operative m the environment Small changes n a 
certain factor are often more effective when accompanied by changes 
m other factors than are relatively large changes m one factor alone 
Also, some of the^ physico-chemical vanations may m certain 
instances be most effective m producing migrations of an organism 
through their effect upon the f<H)d supply of that organism The 
environment, even when so stable as that m the profundal benthic 
aone, is always complex And actually in nature each of these 
physico-chemical variations always takes place in the presence of all 
the other factors of the environment 

It seems certain, moreover, that the combined effect of these 
physico-chemical factors, when they vary to any considerable degree, 
18 a powerful one in the ecology of the benthic fauna In Lancaster 
> Thii word ooours m the ongmal as “They “ 
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Lake, for instance, the charact-er of the bottom does not change 
greatly between 2 and 4 meters, but the physico-chornicsl factors 
often do, as Figures 47-49 show The effect of these changes upon the 
quantitative distribution of txittom fauna is at once apparent from 
a study of Figure 50, which shows this fauna dropping from 7,300 
individuals per square meter at a depth of 2 meters to but a little 
over 1,000 per square meter at the 4-meter depth Table VII indi¬ 
cates in the last two columns, "All others” and "Total,” the cor¬ 
respondingly great quahtative change within the same short depth 
range Thus m Lancaster Lake on August 10, 1933, there were 
6,586 animals per square meter of bottom at the 2-meter depth, which 
were recorded m the column for "All others ” This category con¬ 
tained all animals pwisent except Corethra, Chironomus, Protenthes, 
Tubificidae, and Sphaeriidae It was a heterogeneous group and 
contained representatives from several phyla and from many orders 
of invertebrates At 3 meters this group had decreased to a total of 
308 individuals per square meter, and these were restricted to a very 
few orders, whereas at the 4-meter depth none of them were present, 
and the entire benthic fauna had changed to the typical profundal 
benthic types 

SCTMHABT 

1 Representative data selected from a much larger number are 
presented concenung four northern Michigan lakes, Douglas, Lan¬ 
caster, Vincent, and Munro, all of which are m Cheboygan County 
The data deal with physiography and morphometry of the lakes, 
physico-chemical features of their waters, qualitative and quanti¬ 
tative seasonal variations, depth distnbution, the concentration 
zone, and relations to environmental factors of the benthic fauna 
An original hydrographic map of Lancaster Lake and a sketch map 
redrawn from an afend photographic map of the Douglas I-*ako region 
are included The pen^ covered by the study was from June, 1926, 
to November, 1933 

2 Data from two Douglas Lake depressions are included m this 
paper, the majonty being from South Fish-Tail depression This lake 
is the largest of the four studied, shows typical thermal stratification 
and chemical stagnation during the summer, and has a profundal 
bwithic fauna composed of representatives of the genera Corethra, 
Chironomus, and Protenthes, and of the families Tubificidae and 
Sphaeriidae Spring, summer, and autumn records ate included 
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3 Munro is the second largest lake of the four, but is shallow, 
shows no thermal or chemical stratifioation, is intermediate m 
abundance of its bottom fauna, and, like Douglas Lake, is slightly 
alkaline 

4 Vincent, a small acid lake, is quite shallow, seldom shows any 
thermal stratification, has «)ft water which is low m dissohed sub* 
stances, and supports a bottom fauna m some respects different from 
those of the others, but m many ways surprisingly like those of the 
other three lakes 

5 Lancaster ranks second in depth and third in size It is the 
only one whose waters are noticeably colored, and it is remarkable 
for the abruptness of its thermal and chemical stratification and for 
the proximity of the thermocline to the surface In many respects 
its bottom population is like that of Douglas Lake, especially m the 
profundal zone, where the same typical benthic fauna is found 

6 Ihe bottom population v aned qualitatively and quantitatively 
m each lake with the seasons of the year It also varied quantitatively 
within the same lake from year to year 

7 Despite the great differences in size, shafie, and nature of the 
basin and In the character of the water and of the bt>ttom deposits, 
one of the most evident features of the bottom faunas of these 
lakes was their marked similanty, particularly in the deeper water 
Data to appear in later papers will show greater differences between 
their littoral faunas 

8 The bottom fauna was not evenly distributed ov er the floor in 
any of these lakes, but varied with depth, somewhat differently in 
each of the lakes, and very differently in the four limnological seasons 
of the year 

9 Some species of animals are distributed differently m the 
several lakes, one example of which is seen in the distribution of 
Chtrommus plumosus L in Douglas and Laneasler lakes 

10 Data presented irrefutably demonstrate that the depth dis* 
tribution found in any particular lake at one time cannot always be 
assumed to be typical of that type of lake or e\ en of that individual 
lake at all other times of the year 

11 It was redemonstrated (a) that a concentration zone** occurs 
in Douglas Lake, and it was rfiown (h) that this feature of depth 
distdbution is alw present m Lancaster Lake, and (c) that in both 
lakes it shifts up and down the slope of the lake floor with the change 
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of seaflons It wan found to be present in the lower profundal during 
early spring, m the upper profundal and lower subhttoral m summer, 
and in the lower profundal again during the autumnal overturn 
12 It iR maintained by the author that the explanation of the 
observed facts of distribution is probably to be found not in the 
effect of any one environmental factor, but rather in the combined 
effect of all the factors operating together 

UNivBiuin or Michigan 


hXPUNATION OF TABLES III-X 

Id the tablet nrhieh ihov wiation of phynciMbemieal facton temperaturea 
are expressed in degrees Centigrade, depths m meters, dissolved oxygen in cubic 
centimeters per bter, free carbon dioxide m parts per million, methyl orange 
alkalinity m parts per miilion of calcium carbonate, and conductivity m reciprocal 
megohms 

Abbreviations used m the tables are oik, alkalinity, B , bottom, cc p$r I, 
cubic centimeters per liter, Cenl, Centigrade, Cond , specific cooduolanoe or 
conductivity, Ov P dsp, Grapevine Point depressiun, ilf 0, methyl orange, 
JIliM, Muaculium, ns, not stratified, pH, hydrogen ion concentration, Pti, 
Pisidium, ppm, parts per million, S, surface, SF-T dtp, South Fisb'Tall 
depression, Sph, Sphaerium, Tmp, temperature, ULH, upper limit of 
the hypolimnion Other abbreviations used are too well known to need ex¬ 
planation 



TABLE III 

OF PHTSICO-CHlOnCAl# FACTORS IX DoUGLAS, VlNCRXT A*D MuXRO LuLES 


Benthic Fauna of Michigan Lakes 


633 



74 59 30 ’12S ^3^ 74 50 

7 3 59 3i) ! 130 , 33 7 4 55 




TABLE IV 

OOMPABISON or Vkbtical Vabiatiov o¥ Phtsico-chkiiicvl FACXoRe m Douglas Lancasmr, \wcint avd Muvko Laki 


B34 


Frank E EggUton 


s 

Iss 

A ^ 

p 

s 

p«nO 

1 

lil 

S225 


I o p o o 

I o o o o 

sil 

I o eo 9 00 

« <4 •« to 

■a 

m to to n 
ad oo 00 00 

am»x 

•o eo o ^ 

1 

P 

s 

paoo 


o j 0 


ISs 

q o <s o 

M Ct « Kj 

asi 

^ M ri 

•O to o ^ 

in»o 

dUMX 

q ee q ^ 

HI M3 lO «0 

w #a !— a* 

ssiasi 

Is 

Is 

f 

puoa 

1 I § i S 


S 2SS § S g S 


oooooqq o S 

oooH9oe*oo » S a 

<531 

tp «<5 «? ** ^ 

tn H$ tp TO •-• ee 9 9 

la 

TO lO lO m 3 «4 q q M <1 ^ 

«6 «d «e r« »• If »f p-If »f tf If 

?UBO 


1 

PnS 
at ^ 

if 

1 

pOOC> 

s 3 assss s 


S S SSSSs 3 

lsl 

o o 3*3 3 3 ® 3 

9 9 0 O© ©TOid © tf *- 09 

«S1 

:: s sanSSSa 

a 

S3'*' q « q 

00 00 © ©© ©tM^< r* 0- »- »• 


ss§sassasssS5SS3S3S3S33s 

1 wf q*«*a 

“-•'"■'"•'•■■aaaaaaasaaaauB 




















TABLE V 

CoM P U g aow or Vshtical Vabutiox or Pfinaioo-cHEiacAL Factobs in Dovolas, LANCAfrixR, \i\cxnt and Munro Lakes 


Benthic Fauna of Michigan Lakes 


635 



* In the mud t Surface of mud 










TABLE M 

ScTMMABT OP Seasonal \ ariation op Physioo-chbuical Factors ix Douglas, Laxcaster, 

\ISCENT, AND MUVROS LaXES, 1926-^ 





110|M«J<I0CX 

II»X md «n«l wi»noa 


ajt«q io)nou«^ 


Novembo' 
























TABLE VI (Conitnued) 


Benthic Fauna of Michigan Jjakes 637 







oian)^ 


August 3 24 5tna. 234 np ns. 85ln8 $360 ns 
November 4 36ins.|36 ns (ns 7S’&B|7888|n8 

























Dbpth DzsTBiBrrios of Boiroif Vattjsa ut Douglas, Laxcastbb, >cfcsNT, and Munbo Lakss 



Um>UkA 



















T4BLE nil 

Depth DisraiBimoN of Bottou Fauna in Douglas, Lancaster A incent and Munro Lakes 


Benthic Fauna of Michigan Lakes 



3 

o 

H 

mUM ^ il 


?! 

o 

® ® oCCCOOOOO OO MO 

1 

1 

1 

oogoroog.^ ggooooo ^o II 

I 

a 

rn 


1 

1 

1 

1 

1 

'i 

H 


•S 

d 

'o 

J 

9 

JB 

1 

1 


I 

0 

1 

2SS||g°SS gsgss®® !SS |§ 


I” 

1 

0 

0 

$0i 

1246 

1357 

lOOD 

4475 

6800 

6505 

90 

156 

1113 

2348 

160D 

1600 

1825 

356 

ISO 

0 

« 

Number 

of 

samplea 

»OiN »-«»-• 


‘1 

^ too OlO 

"^*^322522^3 



is il il i| 

Locality | 

t-* a iJ 

Mf i 1 n 

|l* 1 1 il 

A tJ ^ s 


639 

















642 


Frank E Eggleton 


LITERATURE CITED 

Adauhtonb, F B 1024 The distribution and Economic Importance of the 
Bottom Bauna of I^ike Nipigon, with an Appendix on the Bottom Fauna 
of l4ike Ontario Umv Toronto Stud , Publ Ont Fwh Res Lab, 
24 33-100 

— AND Harxnicss, W J K 1923 The Bottom Organisms of Lake Ntjiigon 
Ibid , 16 121-170 

Standard Methods of Water Analysis Sixth edition, xl + 119 American 
Public Health Association, New York, 1925 

Baxjck, Frank C 1916 The Relation of MoUuaks to Fish in Oneida I^ke 
Tech Publ No 4, New York State Coll Forestry, Syracuse Univ, 
16(21) 1 366 

—— 1918 The Productivity of Invertebrate Bish Bood on the Bottom of 
Ctoeida Lake, with Special Reference to MoUusks Tech Publ No 9, 
New York SUie CoU Forestry, Syracuse Umv , 18(2) 1-264 

BiRoa, E A , AND JtTOAY, C 1982 S<ilar Radiation and Inland Lakes Fourth 
Report Observations of 1931 Notes from the Limn Lab of Wis 
Geol and Nat Hist Surv, No 51 Trans Wis Acad Soi, Arts and 
Letters, 27 623^2 

Brown, Harold W , and Jkwbll, Minna E 1926 Further Studies on the 
Fishes of an Acid Lake Trans Am Mlcroso Soc , 45 2(>-34 

DfiCKSBACH, N K 1928 Die Bodeubev6lkerung der Seen der Meschtsohera 
Niederung, Gouv, RJasan, SSentrahRuseland Zugleicli em Betrag zur 
T 3 rpologi^rage Arbdten der biologisohen Station zu Koestno, 7-8 87- 
13S 

-AND Didckbbach, Marib 1931 Die Bodenbevdlkerung und die Boden 

produktivitftt des Pereslawskoje Sees Arbeiten der limn Station 
suKosstno, 13-14 131 189 

Eoolbton, Frank E 1931 A Limnological Study of the Profundal Bottom 
Fauna of Certain Fresh-Water X/akes Eool Mon , 1 (3) 231-331 

- 1932 limnetic Distribution and Migration of Corethra Larvae in Two 

Michigan Lakes Pap Mich Acad Soi, Arts and Letters, 15(1931) 
361-388 

Ekuani 6 1911 Neus Apparate xur quahtativen und quantitattven Erfor- 

sohung der Bodenfauna der Seen Int Rev Hydrobiol, 3 553-661 

- 1916 Die Bodenfauna des Vkttem, qualltatlv und quantitatlv unter* 

suoht /5td,7 146-426 

EvRRsmBD, S 1911 The Digby and Biggs Diomo Water Tester, pp 1-34 
Evershed and Vignoles, London 

JswBLL, Minna K , and Brown, Harold 1924 The Ftsbes of an Acid Lake 
Trans. Am Miorosc Soo, 43 77-84 

- 1929 Studies on Northern Michigan Bog I^dcee Ecol, 10 427- 

475 



643 


Benthtc Fauna of Michigan Lakes 

JuDAT, C 1914 I ho Inhuitl of Wisoonam The Hydrography and 

Morphometry of the Lakes Wia Geol and Nat Hist Surv , Bull 27 
(Soi Series), 9 K137 

- 1916 I imnologlcal Apparatus Trans Wis Acad Sol, Arts and Tetters, 

18(2) 566-592 

- 1922 Quantitative Studies of the Bottom I'auna m the Dee|)cr IVaters of 

Lake Mendota Ihid 20 461-493 

- AND Birok, E A 1932 Dissolved Oxygen and Oxygen Consumed in the 

l^aka Waters of Northeastern Wiseonstn /6«f, 27 415-486 

- 1933 The Transparency, the Coloi and the Specific Conductance 

of the I ake Waters of Northeastern Wisconsin Ibtd 28 206-259 

Lang, Kard 1931 L aunlstisch-tikologlschen Untersuchuiigon in einigen 

scichten Oligotrophon bsw Dystropon 8<en in Btidschwedtn mlt be* 
sonderer BerUchsichtigung der Profundaifauna Lunds Univ Arsskr , 
27(18) 1-175 

Lsnc, h 1931 Uutcrsuchungen fiber die VertikalverUilung der Dodenfauna 
im Tiefsediment von Seen Lin neuer Bodengreifer mit Zerteilungs 
vorrichtung Virhandl d internat Verein f theor und angew 
Limnol auf dor ftinften Vcrsanimlung Ku Budai>est, 1930 5(D 232 260 

Lundbbok, J 1926 Dio Bodenticrweltnoiddcutscher Seen Arch f Hydrobiol, 
Suppl 7 1 473 

Mit ADI, D Studies on the Bottom Fauna of Japanese Lakes 

1931a I Lakes of the Sinano Province Tapanese Journ Zool, 

3 201-258 

19316 II Mountain I akes of the Tributaries of the River Tone 
with Special lieferoncii to the Axoio /one Ihvl , 3 259- 298 
1932 III Jokes of the Kwanto Plain /6td , 4 1^0 

1932 IV 1 akes of tlie Japan Sea Coast of Southern Honsyu /6td , 

4 41-80 

1932 V Five Tokos at the North Pout of Mt Hudi and Lake Asi 
/6id,4 81-120 

1982 VI l 4 dces of Southern Kyusyu Jbtd , 4 127-160 

1932 VII Lakes of Hokkaido Ifnd , i 223 262 

1933 Vin Lakes of North Japan /6td , 4 253-288 

1932 IX Lakes of the Yinlogawa-basin Itnd , 4 289-314 

1933 X Regional Charaotenstics and a System of Japanese Jokes 
Based on the Bottom Fauna Ibtd , 4 417-438 

1933 XI Lakes of Ftorohu Sima Surveyed at the Expense of the 
KeomeLKwoi Fund /6td ,5 171 208 

-AND Hasama, N 1932 Quantitative Investigation of the Bottom Fauna 

of loke Vogo fbtd , 4 161-212 

Mcrrxowsxx, R. A 1918 The Fauna of Lake Mendota A Qualitative and 
Quantitative Survey with Special Reference to the Insects Trans 
Wis. Acad Sci, Arts and Letters, 19 (1) 874-482 



644 Frank E EggUton 

Rawbon D S 1928 Preliminary Btudiefl of tho Bottom Fauna of Rimcoe 
Ontario Univ Toronto Stud , Publ Ont Fieh Res l^b , db 75-102 

-- 1930 The Bottom Fauna of Lake Simcoo and Its Role in tho Eotilogy of 

the I akei Ibid , 40 1-183 

Reighard^ J E 1915 An Ecological Recon nomaance of the I isheo of Douglas 
liUke, Cheboygan County, Michigan, m Midsummer Bull U S Bur 
Fish, 33 219-249 

Richardson, RE 1921 The Small Bottom and Short hauna of the Middle 
and T^ower Illinois River and Its Connecting Lakes, Chilhcothc tti 
Grafton Its Valuation, Its Sources of Food Supply, and Its Relation 
to the Fishery Ill State Nat Hist Surv , Bull 13(15) 363-521 

- 1925 Changes m the Small Bottom Fauna of Poona Lake, 1920-1922 

/fad, 15(5) 391-422 

- 1928 The Bottom Fauna of the Middle Illinois River 1013-1025 Its 

Pfsinbution, Abundance, Valuation, and Index Value m the Study 
of Stream Pollution Ibtd , 17(12) 387-475 

ScuMASHMANN, W 1924 l>ic Bodcnfauna hochalpiDtr Seen Arch f Hjdrobiol , 
3(1) 1-106 

Scott, ID 1921 Inland Lakes of Michigan Mieh Geol and Biol Surv , 
Publ 30, Geol StT 25. xxi + 383 

Scott, Wim, Hite R O , and Spiktm, H T 1928 Investigations of Indiana 
fjakes A Quantitative Study of the Bottom hauna, lake Wawasee 
(Turkey l^ke) Dept Conserv St liid, Publ Div i ish and Came 
Indianapolis, 1 1-25 

Stankovic, S 1931 Die Fauna des Ohndseee und ihre Herkunft Arch f 
Hydrobiol 23 667--617 

Tucker, D A 19ld The Oxygen Content of the Waters of Douglas Lake, 
Michigan Ann Rtp Mich Acad Set, 15 121 128 

Welch, P S 1928 I imnologtcal Investigations on Northern Michigan 1 akes 
I Physical-Chemical Studies on Douglas Lake Pap Mich Acad 
Sci, Arts and Letters, 8(1927) 421-451 

- AND Eooleton, F E 1932 Limnological Investigations on Northern 

Michigan L^es 11 A Further Study of Depression Individuality in 
Douglas Lake Ibid, 15(1931) 491-508 

- AND txioMis, H A 1924 A Limnological Study of Hydra oligaotis in 

Douglas I^ake, Michigan Trans Am Microsc Soe , 43 203-236 



A LOCAL 8TUDY OF THE OPISTHOGLYPH 
8NAKE TANTILLA GRACILIS BAIRD 
AND GIRARD* 

LDITH R FORCK 

T he little brown snake, Tanttlia granhs Baird & Girard, has been 
called tanlilla (PI X(TX, Pig 1), graceful tantilla, slender, 
black-headed or miter snake, and sand snake Although it is an 
opisthoglyph, it may bo regarded as harmless to man, for its fangs 
are very small and postenor in position, it never offers to bite when 
handled, and notlung seems to be known of its poison 

It ranges from “Central Missouri and eastern Kansas, wmth 
through Arkansas, Oklahoma, and iexas” (2) In Oklahoma it is 
apparently restricted to the eastern and southern part of the state 
It has been taken in Carter County (7), in the Sandstone Hills region, 
in Lo Plore County, in the southeastern Frame Plains region, and 
m Okmulgee (14), Creek (7), and lulsa (11, 14) counties bordering 
the Frame Plains region and the northeastern Sandstone Hills 
region (12) 

Although commonly thought of as rare, this tantilla is frequently 
found in Tulsa County Its supposed ranty and the almost complete 
lack of infonnation about its habits have prompted the present study 
of it 

The work is based pnncipally on collections made by the wnter 
and her students ^ in northeastern Oklahoma from September, 1926, 
to June, 1932 In this penod 499 specimens were secured, of which 
289 were males, 200 females, and 10 iimnature or of undetermined 

• Oonfcnbution from tlw Biologlral Station of the University of Michigan 
and from the Woodrow Wilson Junior High School, Tulsa, Oklahoma 

' Generous aaslstante In provision of local specimens was received from 
Mr Q K Tenney and his students from Mrs A E Gilmore and Isabelle Borders, 
and from L M Klauber who loaned a collection from Tulsa laciUtios v^erc 
provided through the court<«y of the Board of Education of the city of Tulsa, 
OkUdioma The work was suggested by Dr F N Blanchard of the University 
of Michigan and was furthered by him at many points in its progress 

W 



646 


Edith R Force 


sex In addition, the writer has examined 117 specimens, kindly 
furnished by Byron C Marshall and R M Perkins, from Lawrence 
and Pulaski counties, Arkansas EiRhty-six specimens from Cawley 
(^unty, Kansas, were loaned by Dr Charles E Burt Since the 
specimens received from Arkansas were found under similar con¬ 
ditions and showed the same variations as those from northeastern 
Oklahoma, they arc considered with the Oklahoma specimens Those 
from Kansas are discussed separately, except as otherwise stated 

The general habitat of TardtUa gracths is of a wooded, rocky 
nature In Tulsa County and vicinity it has been procured from 
many local areas such as I^ost City Mountain, Bald Hill, Parthema 
Park, Shell Creek, Osage Hills, and Concharty Mountain fhe 
snakes collected in both Oklahoma and Arkansas have been found, 
without exception, singly and in two*8 in the moist soil under lime¬ 
stone rocks, along creek banks, on wooded slopes, or along sandy 
roadsides The size of the rocks seems immaterial, if the •loil under¬ 
neath 18 not dry The writer has never found a tantilla in the open 
This may be due to it« burrowing habits and preference for the dark, 
or perhaps to its diminutive size and inconspicuous coloration 

This secretive little snake has seldom been mentioned in herpeto- 
logical hterature except in local lists Cope (9) gave a description 
and a few localities in 1900 A figure of this species was published by 
Ditmars (10) in 1907 Four years later Hurler (13) stated that it 
was '‘common m the Ozark Plateau in Jefferson County,^' but re¬ 
corded it only once from Bt Louis, Missouri ' He mentioned that 
It was found mostly under rocks with southwestern exposure In 
1926 Strecker (16) gave a short account of his personal collections m 
Texas and Missouri, dating back to 1893 He found snakes in rocky 
localities, along the crests of limestone creek beds, under rocks em¬ 
bedded in earth on the sides of the road, under rotted logs along the 
steep bank of a creek, and under fallen branches on an oak fiat at an 
elevation of a trlfie under 400 feet Of three others he said “These 
were collected in the morning after a heavy rain had dnven them 
from their burrows and they were temporarily housed under great 
sheets of tar paper Burt (6) remarks of specimens found in Riley 
County, Kansas “These sand-snakes are often found under hillside 
rocks m the loose soil and are very abundant in the spnng months “ 

* Mr R M Ferkiiw stated to the writer in June, 1932, that occasionally <me 
or two are found in the vicinity of St Louis 
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Again, m references to collections from the western half of the United 
States, he has reported *‘two sand-snakes on a flat, elevated, grassy 
plain under rocks in the vicinity of Little Bear Mound at Neodesha, 
Wilson County, Kansas" (8) They were in the dampest situation 
possible, specimens were not found under rocks where the soil was 
very dry Perkins (15), reporting on collections made near Little 
Rook, Arkansas, in Apnl, 1928, states “lantillas were \cry numer¬ 
ous after ram on the rocky ridge with southern exposure " None 
were found m the open 

Mr Marshall, m correspondence regarding Tanhlla gractlts m 
Arkansas (Nov 4, 1929), agreed with these findings He also said 
“The majonty of individuals are taken after the rams m Apnl and 
May Only a few are found in March and June, practically none in 
July, August, or September, but occasionally a few may be taken in 
October or early November if it is rainy dunng this season " The 
investigations of the wnter confirm these findings for northeastern 
Oklahoma 

When the rocks are turned the tantillas quickly slip into the loose, 
sandy soil If retrieved, they hide in the palm of the hand and burrow 
between the fingers with a remarkably strong movement of the head 
They make no attempt to open the mouth In captiv ity they usually 
remain hidden, day and mght, under the water pan, rock, or board, 
m rotted wood, or sawdust When a light is suddenly flashed into 
the cage at night, although sometimes they may be found drinking, 
they hasUIy glide away 

The food habits of the tantillas would place this species m the 
class of economically helpful snakes Hurter (13) has said that they 
feed upon insects Strecker (16) has stated that “while their fo<xi 
consists mostly of insects they do not disdain sowbugs nor an oc¬ 
casional young specimen of a native slug " Blanchard has stated in 
a letter that one specimen sent him by the wnter, May 31,1926, ate 
a scarabaeid beetle larva In captivity the tantillas were obsert^ed 
by the writer eating small centipedes, small wireworras, and soft- 
bodied larvae of the Tenebnonidae (the darkhng beetles) and Pyro- 
ohroidao, both kinds of which are found in rotted logs Once a small 
earthworm was taken Millipedes, spiders, sowbugs, slugs, such m- 
seots as large wireworms, ants, smalt adult beetles, and other small 
forms found m msect sweepings were offered, but are not known to 
have been oaten 
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The Bt-omach contents of 73 specimens were examined AlthouRh 
in 10 of these the remains were digested beyond recognition, it is safe 
to say that enough undigested material was available from the others 
to establish beyond a doubt the character of the fowl Dr H B 
Hungerford, wlio kindly made the identifications, states that “normal 
food of the TanttUa gracths is apparently centipedes and earth-dwell¬ 
ing insect lar\ae such as cutworms, wireworms, and ieather)acket8 
(larvae of the Tipuhdae or crane-flies) “ In addition, certain fungus 
grubs, larvae of the Mycetophilidae, were in the stomach contents of 
the young Very frequently undigested nematodes were among the 
digested remains These have been identified, through the courtesy 
of Dr Lyell J Thomas, as Oxyundae of beetles and centipedes 
There is apparently no record of the mating habits of these 
snakes Marshall surmises that, since they are so evident in the 
rocky hillsides in April and May, “they must breed early in the 
spring, however, this is a guess and not substantiated by any 
personal observation or evidence’* Mr Marshall’s surmise may 
be correct, or the snakes may be abo\e ground merely because it is 
too wet for life below at this season Or it may be that one of their 
favonte foods, the meadow maggot or leatherjaoket, which is known 
to come to the surface of the ground dunng the night, is the cause 
Observations made by the writer on the size of the gonads of tantilias 
collected in practically every week from the middle of February until 
the first of June indicate May as the time of mating 

The males of mature size, le 174 mm or longer, collected in 
Oklahoma between May 1 and June 1, had well developed testes, 
5 to 9 mm long Earher in the spring they axe much smaller 
Females collected before May 1 had ova 0 5 to 5 0 mm in length 
Those collected on May 20 showed ova 6, 7, 9, and 21 mm m length 
as well as others of microscopic size No mature female (ie over 
190 mm) collected before May 10 had deposited eggs, whereas six 
females of this size collected on May 20, 24, and 28 had laid These 
data, together with the information previously noted concerning the 
time of greatest activity of both male and female m the field, make 
it seem probable that the first half of May may be the usual time o! 
mating It is an mterestmg fact, possibly related in some way to 
mating activities, that m March and May from two to three times 
as many males as females are found, whereas m April the females are 
twice as numerous as the males 
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hover'll yenrs ago this hpfcies wis judged h> Sfritkei MO) to he 
o\iparou8, Ixtause he found in Sin Antonio, thne small 

reptilian eggs umler thi Hiime rock with a tantilii Fhi (ggs were 
cruHhecl in th( turning of the stone, so that they could not lx hatched 
for idintificatum Pro(tf of th( oxiparity w is furnished by thi writer 
m 1928 hmct tlien dissection of 265 fdiules, 10 of whuh had laid 
tggs, has shown that the most common numhtrs in a set an 2 and 3 
Complements of 1 and t have been noteil m somt casts I>e{>ositK)n 
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of th< eggs has not bten seen, the eggs haxi always bi en diseov ercd in 
the moimng in the moistcst part of the cage, even in the water pan 
The eggs are laid from the inidillc of June to about the middle of 
July June H is the earliest date noted for a set of normal eggs of 
females colUcted in Oklahoma Other dates recorded are June 18, 
19, 22, 25, and 26 M irshall, however, reporkd (Nov 4, 1929) a 
set laid on Iul> 9 One set of abnormal eggs was laid on July 8 and 
11 These records of egg-laying are all fnan females collected after 
May 20 In seven feinalch collected between July 1 and 3, 1928, Vhe 
anterior oviduct looked as if eggs had lecently been deposited 

Ihe vanation m dinunsions of the eggs when laid, given in an 
earlier study (11) as fiom 15 to 24 mm in length and from 4 2 to 6 5 
mm in width, has been t xtended by further measurements to from 
13 to 26 mm in length and from 4 2 to 9 mm in width (PI XC IX, 
Fig 2, text Fig 62) 

The date of hatching has been obtained for a few eggs laid by 
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females that had been transported to northern Michigan Such 
eggs, kept m the laboratory, surrounded by damp, rotted wood, 
hatched September 17 (1910) and September 7 and 14 (1932) The 
lengths of the periods from la>mg to hatching were 83 and 84 days 
If, as is likely, the eggs arc laid earlier under natural conditions, the 
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Fia 53 Total lengths of males and females of TnrUtUa gracUft Burd dt Girard 
The lengths of females observed to lay eggs or to contain eggs ready for d^ 
position are represented by black dots 

hatching time m Oklahoma is probably earlier than September 1 
Furthermore, Oklahomans warmer climate as compared with northern 
Michigan should hasten the hatching 

The young snakes emerged from the eggs m about one day 
after slitting the shell (in the two instances observed) Two young, 
measured at birth, were 77 5 and 92 0 ram, in total length • 

* Thanks arc due to Dr Blanchard, who cared for these eggs after August 20 
and furnished this report 
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Size in this species seems to be limited to a maxunum of about 
230 mm and a minimum of about 77 mm Two hundred and ten 
females vaned from 90 to 230 mm and 324 males from 85 to 205 mm 
(Fig 53) The females thus attain a definitely larger size than the 
males When the lengths of all these specimens are plotted in a 
diagram each sex is seen to be composed of two groups The smaller 
group of younger individuals is obviously composed of those hatched 
m the preceding season The large group, contaming the longest in¬ 
dividuals, includes the adults, but not all in this group are adult The 
size for adult females ranges from 190 to 230 mm (See hig 53 ) 

It IS perhaps questionable whether it is profitable to attempt to 
locate age groups between the yearlings and the adults, hut dis¬ 
sections of females of all sizes seuned to furnish e\idence on this 
point In females from 90 to 125 mm in total length the o\a were 
of microscopic size This is the yearling group In females from 
about 125 to 155 inm there was a noticeable development of the 
ova in size, color, and fomi The o\ a measured 1 to 2 mm m length 
and were creamy white, firm, and elongated Kggs from snakes of 
approximately 185 mm are of two sizes, or e^en three m larger 
specimens (ailults) They vary in kngth from 0 1 to 4 0 mm and in 
width from 0 1 to 2 0 mm There are 8 to 16 eggs in each ovary 
Females longer than 185 mm have reached maturity, to judge from 
the appearance and size of the ova (Table 1) 


TABLE I 


KatATioN or Totat Lknoth to Sbxual Maturity in 176 Fkmamss 


Age^groupe 

JuvsnilM 

Young 


Adults 


Lengths m mm 


Remarks 


85-125 

125-185 

(125-145) 

(145-165) 

(156-185) 


185-230 


Probably bom in August, oolleoted the fol¬ 
lowing spring Ova inierosoot>io 
Probably about one to one and one-half years 
of age 

Ova variable In size 

Ova 1-2 mm , white to creamy, flabby, round 
Ova 2 -4 mm in length by 0 1-2 0 mm In 
width, becoming Ann and elongate Some 
individuals may be mature 
Probably one and one-half to two and one- 
half years of age An oooasional one con¬ 
tained egg clusters for deposition the next 
year Eggs mature at 191, 195, 190, 198, 
205,210, 215 (3), 227, 230 mm 
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Dissection of the males reveals a similar relationship between 
size and appearance of the gonads and length and maturity of the 
snake Fresh sjiecimens showed a marked difference in the size and 
appearance of the testes in the smaller and larger males In those 
from 155 to 175 mrn in length there was a gradual change from a 
flabby, white immature organ to a finn, elongate, yellowish, ap¬ 
parently mature testis Although probably only the largest of this 
group were of reproductive size and age, those of 185 mm and over 
were beyond a doubt adults (Table II) 

TABLE II 

Rjciation or Total Jjsnotii to Sbxual Matuhity in 215 Mates 


Age-groups 

I engtbs in mm 

Remarks 

Juveiules 

85-125 

Probably born in August, collected the fol¬ 
lowing spi ing Test^^s immature 

Young 

126-175 

Probably about one to one and ono-haif years 
of age 


(126-165) 

Testes becoming mature 


(166 175) 

Testes 4 6-6 6 mm 

Adults 

175 205 

Probably one and one half to two and one- 
lialf years of age 


(176 1S6) 

Some snakes mature 


(185-206) 

All mature Testes about 4-8 mm in length 

A clearer 

dehnition of the age-groups may be obtained from a 


single collection of 59 individuals found between April 1 and 15,1932 
The total lengths of all individuals with complete tails, 53 in number 
(31 males and 22 females), ranged from 90 to 205 mm There arc 
two woll-deffned groups, juveniles and adults, with an intermediate 
group of less definite range It would appear that the smallest in¬ 
dividuals, those from 95 to 125 mm , were the young of the previous 
season, and that 115 mm is their average length They are m their 
first fun season of growth These may be called the yearlings 
The individuals of greater size, presumably more nearly mature, 
rangmg from 135 to 175 mm , may be in their second year These 
are approaching matunty and are possibly in the beginning of their 
third season of growth Full matunty is likely to be reached in their 
fourth season, at 185 to 195 mm In other words, these snakes are 
apparently of a size and age to deposit eggs when about two and 
one-half years old It thus appears that both sexes mature at ap¬ 
proximately the same age, the males at a length of about 175 mm, 
and the females at 185 mm 
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**In Its ooloration, Tanlilla gractlts is rather variable,” says 
Strocker (16) ”Of spccimeus collected in the northern part of its 
territory the upper surfaces are either reddish or plumbeous, of 
those from northeastern Texas they are brown, while of those from 
Waco and south of San Antonio, they are golden-brown There is 
also considerable variation in the amount of re<l on the lower surfaces 
and in the color of the head plates ” Specimens from northeastern 
Oklahoma seem best to match Strecker's specimens from north¬ 
eastern Texas The five hundred examples examines! by the writer 
conform closely, except m degree of color, with the description 
previously given, gray-brown to a nch red-brown, with the head 
a little darker, below, varying shades of salmon pmk, except under 
the chin and the anterior end of the body and the ends of the \ entrals, 
which are white (11) In alcoholic specimens, in which the pmk color 
has been destroyed, there is frequently obsorv ed pigmentatu>n on the 
lateral edges of the anterior half of the ventrals This does not show 
so plainly when the color is visible 

The squamation is apparently uniform in this species There are 
16 smooth scales the entire length of the body In 610 specimens only 
a very few, i e 12 females and 28 raalovs, show variation from the 
formula of 6 supralabials and 6 mfralabials (Table III) The oculars 

TABLE in 

Numisbh and Kinds or Vabiations raou thk Ubuai ARRANOBifXNT 
or Labial Scutbs (6 Abovb and 6 Below) 



Supralabials 

Number 

Niunber 


of males 

of females 

6 left and 6 right 

6 

4 

5 left and 6 right 

10 

0 

7 left and 6 right 

2 

1 

7 left and 8 right 

0 

1 

Total 

18 

0 


Infralabials 

Number 

Number 


of males 

of females 

0 left and 5 right 

3 

6 

5 left and 6 right 

6 

0 

7 left and 6 right 

1 

0 

Total 

10 

6 
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in the Oklahoma spedmene proved to be invariably one before the 
eye and one behind Two females from Arkansas^ however, showed 
theee arrangeinonts 2 1 left, 2~2 right, and 1-1 left, 2-1 nght 
The temporals are uniformly 1 anterior and 1 posterior There w 
no lorea! The anal plate is always divided 

The proportionate length of the tail, i e the tail length divided 
by the total length, is different in the two sexes, as is usual in snakes 
(Table IV) In the males the tail vanes from 16 to 30 per cent of 
the total length, and m the females from 14 to 27 per cent Thus the 
range for the species as represented by the Oklahoma and Arkansas 
specimens Is from 14 to 30 per cent But the difference between 
tile sexes is really larger than these figures show, for in the great 
majonty of the males examined the tad Is more than 20 per cent of 
the total length, and m all but three of the females it is leas than 
25 per cent Data of all specimens examined are summarized in 
Table IV 

TABLE IV 

I RNOTK or TH* TAlt IN PBOrORTlON TO ToTAL LsNQTH 


131-14 0 

0 

1 

14,1-180 

0 

1 

181-ieO 

1 

0 

16 1-170 

4 

5 

17 1-180 

3 

6 

18 1-19 0 

6 

21 

19 1-200 

2 

38 

20 1-21 0 

14 

38 

21 1-22 0 

33 

46 

221-280 

43 

10 

28 1-240 

87 

10 

24 1-250 

67 

1 

26 1-260 

87 

1 

261-27 0 

17 

1 

271-280 

4 

0 

281-290 

2 

0 

291-300 

2 

0 

Total 

820 

184 


The caudala vary m the females from 36 to 48, and in the males 
from 44 to 57 (Fig 54) The ventrals range in the females from 126 
to 138 and in the males from 115 to 127 (Fig 56) It will be noted 



655 


Local Study of Tanhlla gractha 

that the overlap between the sexes in the counts of caudals and 
ventrals is smaJl, in the first case it m^olves only those with 46 to 
48 caudals, in the other it involves only those with 126 and 127 
ventrals 



irttiffiils ot OAVPAl tpPTBa 

Fia 64 Numbers of caudal scutes in females and males of TaniiUa gr<xctltg 
Baird A Girard 

We may take advantage of the difference between the sexes m 
tJhe counts of ventrals and oaudaJa to determine the sex of a specie 
men from scale counts alone If the number of caudals is subtracted 
from the number of ventrals^ the dififorcnces between the sexes are 
accentuated The reason for this is that In the males the higher 
number of caudals is subtracted from the lower number of ventrals, 
lrfam*eas in the females the smaller number of caudals is subtracted 
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(la 55 Numbers of ventral scutes In males and females of TanttUa gracUu 
Baird dc Girard 

from the larger aumber of ventrais If we designate this computation 
as v-c/ and apply it to this spedee^ it appears that a specimen in 
which v-c IS less than 80 is a male and that one which is 82 or more 
18 a female (Fig 56) 

It is evident that sex in Tanttlla gracthe may be determined with 

* Thia method of combining thn ventral and caudal counts for dctelrinitiation 
of sex 18 taken from Dr F N Blanchard's study of th« genus DtadophM (tn 
manusmpi) 
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coQsiderabte assurance of accuracy from the caudal and ventral 
counts alone^ when the tad is complete at the tip (ligs 64-65) 
When the tail i8 incomplete^ the \entrals alone will in a great majority 
of cases be sufficient 

It IS of interest to note that in total length, proportionate length 
of tail, ventrals, caudals, and ventrals minus caudals the 86 speci- 
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Fro 66 Relation of the diflferenccB between ventrala and raudala (v-c) 
of males and females in Tanitlla graetlw Baird A. Girard 

menfi from Cowley County, Kansas, show no vanation beyond the 
hmits of the Oklahoma and Arkansas material The result of plotting 
the Kansas spoclmens on the basis of ventrals minus caudals is to 
divide it into two groups, one m which v-c is 68 to 78 and the other 
in which it 18 83 to 93 That this correctly distinguishes the sevea 
of these specimens is wholly probable 

SUMMART 

Tantilla gractlu is a common snake m the wooded, rocky country 
of northeastern Oklahoma It has been relatively little collected, 
owing to Its diminutive size and secretive habits Specimens are 
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most often and eauly collected after the spring rains, usually in 
April and May 

The food cjI this species has been shown to comprise centipedes 
and earth-dwelling insect larvae, such as cutworms, wireworms, and 
crane-fly larvae Fungus grubs (larvae of the Mycetophilidae) 
were found in the stomachs of the young snakes 

The first half of May is indicated as the probable mating season 
Eggs, one to four to a complement, have been deposited in June 
and early July, in the laboratory They vary from 13 to 36 mm in 
length and from 4 to 6 5 mm in width 

Eggs kept m the laboratory have hatched on September 7, 14, 
and 17 

The total length varies in this species from 85 to 230 mm The 
females grow to a distinctly larger sise than the males 

Some evidence is presented favoring the view that sexual ma¬ 
turity IS attained about two and one-half years after birth 

The sexes may generally be separated on the counts of ventral 
and caudal scutes, and may always be when the number of caudals 
IS subtracted from the number of ventrals Thus all examples in 
which this figure is leas than 80 proved to be males, and all those in 
which It 18 more than 81, females 

The details of scutellation, proportion, and color are given 

Woodrow WitsoN Junior High School 
Tulsa, Oklahoma 
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SOME ABERRANT COLOR PATTERNS IN 
SNAKES* 


HOWARD K GLOYD 

AMONG the various live snakes received from wirrcspondents 
Jl\ durinR the past two years certain sjiecimens of EUiphe^ Thant- 
nophiSt and Crotalus exhibit unusual aberrations in pattern and 
general coloration which do not appear to he mentioned in the litera¬ 
ture Descriptions of these peculiarities have been prepared, seriatim, 
because of their general interest as well as for the benefit of future 
students who will have access to the specimens, but to whom the 
original colorations would not otherwise be available Ihe most 
salient deviations from the norma! conditions are emphasized by the 
use of Italics 

Elaphe laeta (Baird and Girard) 

Two specimens of the spotted rat snake (H K G 3002, 9 , 3003, 
c?) ^ from San Antonio, Texas, show departure from the normal 
pattern of the subquadrate blotches on a unicolored ground (PI C 
Fig 1) in having the blotches of the dorsal senes either paritaUy or 
entirely divided along the middorml lintf often forming H-shaped 
figures, and the ground color darkened beivmn the lateral halves of the 
divided blotcheSf producing the general effect of two longitudinal stripes 
(PI C, Fig 2) Antenorly the divided spots become confluent 
The blotches of the lateral senes, which normally alternate with the 
dorsal, are irregularly broken up and also tend to run together A 
condition of longitudinal stnping involving both ground color and 
blotch pattern is thus approached 

This species is one of the forms of Elaphe which have no wcll- 
mmrked ontogenetic change m coloration The ground color and the 
pattern of the adult aie the same as those of the young Tlie two 

• Contribution from thr ZoClogical 1 aboratory of the Unlvpraity of Michigan 
^ Catalog numbere with the initials H K O refer to the personal coticction 
of the writer All such specimtns, however, are to become the property of the 
Museum of Zodlogy, University of Michigan 

661 
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aberrant specimens here described are apparently mature but not 
unusually large individuals In the snake pens of Texas reptile 
dealers I ha\ e seen numerous examples of this speciesi mut;h larger 
than those in question, and have noted no tendency toward stnping 
m presumably much older specunens There w no apparent indica¬ 
tion that in this species a pattern of stnpes is related to age, nor is it 
suggested that the condition is prevalent in the Texas region 

In contrast to this is the development of the adult coloration in 
Elaphe quadnvittata (Holbrook), the four-lined '^chicken snake” of 
southeastern Umted States In young individuals of this species the 
ground color is a uniform gray, upon which is supenmposed a pattern 
of grayish brown blotches These become progressively obsolete 
with age, and the adult pattern of four brown longitudinal stripes is 
acquired by a gradual darkening of the ground color (PI Cl, Fig 1) 

I have observed indications of a similar ontogenetic change m colora¬ 
tion in certain specunens of Elaphe cbeokta ohsoleia (Say), the pilot 
blacksnakc, and Elaphe guttata (Linnaeus), the com snake Blan¬ 
chard (1921, pp 118-119, Fig 40) has described and figured a similar 
phenomenon m one of the king snakes, LampropeltiB caUtgaeUr 
(Harlan) It seems, therefore, that the ground color and the pattern 
in such species are controlled by two mdopendent sets of genetic 
factors, and that m the genus Elaphe a pattern of longitudinal stnpes 
IS to be regarded as a recent specialization, secondary in nature, 
showing up mcipiently in laetaf eheoleia, and guUata and reaching its 
highest degree of development in quadrtvtUata 

Thammpkts saurUus proxmus (Say) 

A nbbon snake collected near Floresville, Texas (H K G 3486, 
cf, PI Cl, Fig 2) 18 remarkable in the possession of a brtlhant red 
mtddorsal stnpe tnetead of the umal yellow or greemeh yellow and the 
presence of a coneptcuoue orange Itne <>n the mtdveniral surface of 
the tail A color description of the entire specimen follows dorsal 
ground color "ohvaceous black”,* top of head similar but muzzle 
lighter with slightly more green, occipital spots “pale viridine 
yellow”, antenor tip of middorsal stnpe “light green-yellow,” re¬ 
mainder of stripe “Morocco red", lat^ stripes “light green-yel- 

* Color names in quotation marks are those of Robert Bidgway, Color 
Siandarde and Color NomencUUur* Publirfiod by the author, Wasbmgton# 1912. 
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low’*, ground color of scale rows 1 and 2 “olivo-grocn**, ventral 
surface anteriorly cream, changing posteriorly to “pale green-yel¬ 
low'*, rostral, mental, and an tenor labials “light buff”, remainder 
of Bupralabials “green-yellow”, remainder of infralabiala, chin 
shields, and guJars white, a conspicuous, finely stippled, median line 
of “orange chrome” on the ventral side of tail, from anus to tip 

It is quite passible that red-stnpod individuals are more numerous 
than published descriptions indicate The vanous tones of rod fade 
rapidly in formalin and alcohol, and descriptions based largely upon 
preserved material would be unlikely to include this vanation 
Ruthven's mention of a “rarely reddish, occasionally brown” dorsal 
stripe in this form (IdOS, p 98) may refer to such specimens 

Crotalus confiuentus confluentus (Say) 

Nearly twenty-five hundred praine rattlesnakes were captured in 
central South Dakota by Mr A M Jackley of Pierre during the 
seasons of 1032 and 1933 All specimens of unusual coloration, to¬ 
gether with several hundred others, were sent to me In the normal 
coloration of this species in the northern portion of the Great Plains 
Ec^on the ground color vanes from pale brownish gray to greenibh 
gray or grayish green There is a distinct pattern of bix>wmsh gray 
or greenish gray blotches (PI Oil, iig 1) The degree of contrast 
between the ground color and the pattern of blotches vanes some¬ 
what The proximal crossbands of the tail are of the same color as 
the blotches of the body, but the distal ones are darker and the two 
or three immediately preceding the rattle are black The top and 
the sides of the bead are usually prominently marked 

One of the aberrant specimens (H K G 3512, V , PI CII, 
Fig 2) collected m Stanley County, South Dakota, four nules north¬ 
west of Van Meter, conspicuously lacks certain features in pigmenta¬ 
tion^ The green ekmerU tn the general coloration is erUirely mnttng, 
and the brown pigment of the bhiehea is much reduced The doreal 
ground color is pale gray, the ventral surface white The blotches 
of the dorsal senes are pale grayish brown, irregular m form, and 
lack the usual more or less distinct borders The lateral blotches 
are similar in color, but even Jess distinct The ventral surface is 
laterally flecked wi^ light gray 

There is no trace of head pattern The pigmentation of the iris is 
apparently normal The tongue, however, instead of being jet black 
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as is characteristic with this species, u bright pink with white tipe 
The proximal tail rtfigs have completely disappeared and the terminal 
rings are blended together forming, with the basal segment of the rattle, a 
conspicuous black Up The ventro-lateral portion of the tail tn the region 
of (he antis is suffused mth pale orange 

The onl> peculiarity in Jepidosis is the irregulanty of the scales of 
the muKzle The intemosals, usually in contact with the rostral, are 
separated from it by six small scales (PI Cl I, Fig 2) The loft side 
has two loreals, the right, one Total length 600 mm , tail length 
30 mm , scale rows 27 27-19, ventrals 180, caudals 20, suprala- 
bials h'v 15, infralabiaJs 16-16 

A very similar specimen collected near Gem, Thomaa County, 
Kansas (No 6649, o'), m the private collection of Mr L M Klau- 
ber, has been exaimned and compared with the one just described 
In coloration it much resembles the South Dakota specimen except 
that the dorsal blotches are more distinct, there is a suggestion of 
a head pattern, and the tip of the tongue is black No trace of 
orange is visible in tlie preserved specimen, but Mr Klauber stated 
that when fresh a tinge of that color was noticed near some of the 
blotches ITie scutellation of the head is much more symmetrical 
than that of the other, and the four internasals are in direct contact 
with the rostral Total length 746 mm , tail length 67 mm , scale 
rows 27-27 21, ventrals 180, caudals 30, eupralabiais 16-16, infra- 
labials 16-17, loreals 1-1 

A few other examples from Sully County, South Dakota, show 
certain tendencies toward a similar condition One (H K G 3737, 
9) has little or no green in its coloration, although the blotched 
pattern is distinct The head markings are obscure, the proximal tail 
bands indistinct, and the distal ones fused into a conspicuous black 
tip The tongue is black, but spotted with pink Three others 
(H K G 3384, 9 , 8738, 9 , 3739, 9) have more or less typical 
coloration, but black tongues with pink tips Another (H K G 
3740, d^) with normal coloration has the tongue alternately blotched 
with black and pink 

These specimens, it seems, must be regarded as exhibiting tend** 
encies toward albinism That complete albinism has not occurred 
m those m which the peculiarities described are most manifest is 
mdioated by the fact that the eyes show almost normal pigmentv 
tion An impairment or loss of the genetic factors for certain features 
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of coloration, particularly the greens of the skin pigments, appears 
to have occurred 

Although instances of seemingly true albinism in rattlesnakes have 
been reported,® I know of no records of such occurrences in Crotalu^ 
confluentus confluentm (Say) I have observed tendencies toward 
flavescence m specimens from New Mexico and have been told of 
two cases of melanism in this species Mr W A Bevan of the 
Witte Memorial Museum, San Antonio, lexas, related having seen 
a specimen taken in the hiothills of the mountains southwest of 
Fort Collins, C olorado, and Dr L C O’Roko, assistant professor of 
Forest Zoology, Umversity of Michigan, descnlied a very similar 
specimen which he saw m the Black IMls region near Spearfish, 
South Dakota In both these snakes, according to my informants, 
there was sufficient black pigment to obscure the pattern almost 
completely 

Another praine rattlesnake obtained liy Mi Jackloy in Stanley 
County, South Dakota, twelve miles west of tort Iherre (H K 0 
4174, cf’) exhibits an aberration in which the pattern corm»U of htnpes 
anteriorly instead of blotches^ whereas the giound color seems to be unr 
affected (PI CIII, Fig 1) I he top of the head is practically un¬ 
marked, but the essential features of the lateral head pattern can 
be traced The ground color is pale olive gray, lighter on the sides, 
and pale greenish white on the ventral surface The pigment which 
normally produces the dorsal senes of blotches is arranged m two 
longitudinal brownish green stripes beginning just back of the occip¬ 
ital region and extending posteriorly for about two fifths of the total 
length Lach stripe is a little more than three scales m width and 
narrowly outlined with pale greenish white A median stnpo of 
ground color is slightly wider than the middorsal scale row Posterior 
to the longitudinal stnpes are eleven indistinct, irregularly placed 
blotches of the same color No lateral blotches are present The 
posterior portion of the body and the proximal two thirds of the tail 

* Two albino Bpecira«n« of Croialua homdua I irm collected m the Berkshire 
Hills near Sheffield, Mass * have Imm'Q rtHsordt^d by li I l>itinnrs, Tuvnty-atveTUh 
Ann Hep New York Zod Sw (1923), pp 49 U5 This author h&a also dettcnbed 
aft albiowtic Crolkue iem^ue (Laun nti) from Managua, Nicaragua, Ninth Ann 
Rep New York Zod Soc (1905), pp 197-200 Several olbmo individuals of the 
latter species from the the state of Sfto Paulo, Brawl, have been noted by A do 
An^al,/fee Mm Bduiisto, 15(1927) 66 57, figs 1-3, and Afem Inet Butontah, 
7(1932) 82-83, Fig 5 
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are unmarked^ and the black bands of the distal part of the tail are 
blended together 

There are no spoctal peculianties in the scutellation of this 
specimen Total lengtli 610 mm , tail length 50 mm , scale rows 
25'25-19 1 ventrals 178, caudals29, supralabials 15-15, infralabials 
14-15 

Since evidence obtained in my recent studies suggests that there 
may have been a striped ancestral stage m the evolution of rattle¬ 
snake patterns, I am inclined to regard as atavistic m nature the 
appearance of a striped pattern in occasional specimens, such as this 
one and the next one described 

Crotalits homdws Lmnaeus 

In the timber rattlesnake the black chevron-shaped crossbands 
of the normal pattern are frequently divided m the middle or variously 
broken up into irregular blotches, which sometimes are oonOuent m 
the neck region and have a tendency to form longitudinal stripes 
A complete rearrangement of the transverse pattern had occurred in 
an individual of this species which was captured m Franklin County, 
Pennsylvania, in July, 1933 I was unable to see this specimen, 
but from a photograph (PI CIII, Fig 2) furnished by Mr Henry E 
Clepper of the Pennsylvania Department of Forests and Waters 
and from some notes and sketches received from Mr J T Rothrook 
of Pine Grove Furnace, Cumberland County, Pennsylvania, and 
Mr M Graham Netting of the Carnegie Museum, I learned that no 
tacBB of the traneveree bands remained, all of the black pattern hamng 
been lost The seal-brown middorsal stnpe which is present m many 
specimens of this species occupied its usual position on the median 
row of scales and the inner half of each adjacent row The outer 
half of each of these rows was cA cream color, forming a light border 
for the median stnpe A similar hglU^dered eecMroum stnpe woe 
found on each side occupying appromnatdy scale rows 3 fo 6, conftnw- 
ous antenody hut broken up %nio narrow dongale blotches on the posterior 
half cf the body The ground color was grayish brown Marked 
irregularity of pattern is eharacterisUe of this speeiee, but in the 
several hundred spedmens of C hamdus which I have studied no 
instance of a color pattern differing so fundamentally from the no^ 
mal has been encountered 
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Crotalua lucasensta Van Denburgh 

The normal pattern of the San Lucan diamond rattlesnake la 
characterized by a conspicuous dorsal senes of dark brown, diamond¬ 
shaped blotches, each of which is sharply outlmed by a border of 
yellowish white scales, and one or two senes of smaller and less 
distinct blotches on each side The top of the head is grayish brown, 
darker on the muzzle, and with scattered dark brown blotches 
posteriorly There is a yellowish white spot or dash on each supra¬ 
ocular shield A lateral dark brown stnpe conspicuously bordered 
with yellowish white extends from the eye obliquely backward to 
the mouth The rostral shield is narrowly bordered with white 
The dorsal ground color ranges from yellowish white to olivaceous, 
with no minute dark brown or black punctations The v entral sur¬ 
face is cream-oolored or yellowish white The tad is grayish white, 
with four or five transverse black bands 

Mr IClauber has kindly permitted me to desenbe hero an ab¬ 
normal rattlesnake of this species from the Cape Region of Baja 
Califorma (L M K 2243, cT) In this specimc n both the ground color 
and the pattern are unusually pale and nonumform All the bloichea of 
the paUem are reduced tn relative mze and, with the exception of a few 
near the middle of the body, are irregular or almost obsolete A strag¬ 
gling row of small irregular brown spots is all that remains of the 
dorsal blotches on the antenor portion of the body Posteriorly the 
pattern fades out until it is scarcely distinguishable from the ground 
color Only with the larger and more regular blotches are the yellow¬ 
ish white borders distinctly evident The top of the head is unmarked 
eave for two small, indistinct brown spots on the muzzle and an irregular, 
transverse broum patch crossing the occipital region and extending for* 
ward above the angle of each jaw The stripes on the sides of the head 
are not sharply defined, and the rostral shield lacks white borders 
Hie ventral ground color is yellowish white, as m normal specimens 
The grayish white tail is crossed by five indistinct black bands, some 
of the pigment of which has encroached m a diffused fashion on the 
taght interspaces 

A oompanson of this rattlesnake with other material which 1 
have examined and with the diagnostic characters published by 
Klauber <1930, p 11) reveals no aberrations m structural features 
Total length 1266 mm , tail length 76 mm , scale rows 32--27“23, 
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ventrals 194, camials 26, supralabials 16-16, infralabials 17^18, 
first pair of infralabials divided transversely, upper preocular nar¬ 
rowly in contact with postnasal 

It seems probable that m this specimen, as in some of the Cr(h 
talus confluerUus confiuefUus (Say) descnbed abo\ e, we have a case 
of partial albinism The loss of normal pigmentation w expressed 
m both the ground color and the pattern 
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AGE AND GROWTH OF THE LONG-EARED 
AND THE GREEN SUNFISHES IN MICHIGAN ♦ 

CARL h HUBBS AND GERALD P COOPER 
I INTRODUCTION 

T he investigation reported upon in tins paper was undertaken to 
elucidate several features m the life history m Michigan waters 
of (1) the dwarfed form of long-earexi sunfish, XenoUs rn^galotia 
peUasteSj and (2) the green Hunfish, Apomohs cyanellui The study 
has been based on an examination of the scales of 1,129 specimens 
of the long-oarcd sunhsh representing 79 collections, all from the 
Lower Peninsula of Michigan, and of 514 mdividuals of the green 
sunfish representing 85 collections The distnbution of these col¬ 
lections IS indicated by Maps 46-47 

The methods employed were those now becoming more or loss 
standard m investigations on the life histones of fishes The scales of 
all specimens, except most of the yearlings m one large collection of 
the long-eared suxifish, were mounted in glycerine jelly and were 
exammed by aid of a projecting machine The age status of this 
one group of yearlings was so obvious that only a few scale readings 
were deemed necessary 

The validity of the scale method for age determination of fishes 
m the family Ccntrarchidae, which includes Xenotis and ApomoiiSf 
was demonstrated by Creasor (1926) and has been thoroughly con¬ 
firmed by the earlier and subsequent researches of Barney and Anson 
(1923), Potter (1925), Bolen (1924), Wnght (1929), Hde (1931), 
Tester (1932), and Hubbs and Hubbs (1931, 1933) The papers by 
Greaser and Hile give references to the contributions which in¬ 
troduced and have established the scale method for the determi¬ 
nation of the age of fishes in general 

The characteristics of the annulus or winter line on the scales of 
contrarchid fishes have been adequately indicated by the writers just 

• Ccmtribution from the Institute for Fisheriw Research, Lmvorsity of 
Miobigam 
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Map 46 Lower Pooiiuiula of Michigan, showing {1) the mean annual tempera¬ 
tures in degrees Fahrenheit (sobd line, after 8oeley, 1928, Chart tl), (8) the 
number of days m the growing season — the interval between killing frosts 
(dashed line, after Semey, 1^, Chgrt XIV), and (3) the localities from 
which the material of long-eared sunBsh was obtained The dividing lines 
between the northern and southern districts are fixed at 47* F and at 
160 days in the growing season 
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cited, and need not be redescnbed The figures of the scales on 
Plates Cl V^CVllI show that the year marks on the scales of Xenotis 
and Apomotis are entirely like those of the other species of this 
family which have been studied 

n INCRFASED DWAHFINO TOWARD THE NORTH 

In the central parts of the United States the long-eared sunfish 
{Xenoits megalotts) is a species of fair size Some data on its age and 
growth in northern Indiana have been published by Hile (1931 18, 
23, 32, 42, 51) Northward it grades into a dwarfed subspecies, as 
Forbes and Richardson indicated, for Illinois, in 1909 (p 255) 

Northward this spcrins grades into a smaller dwarfish variety, probably 
Xen4>tiB lythrnchloriH, which has been taken only in the clear swift water of tho 
Fox at Ottawa Lacon, and Algonquin, in tho Du Page at Naperville, in the 
Vermilion at Pontiac and Fairbury, in a small creek in Du Page county, and in 
Indian creek, I>a Halle county These small forms have the ear-flaps red and the 
scales of the chec k smallc r than typical mcgahtui Their size is sJono suificieut 
to distinguish them, gravid females having been found only l| inches long, and 
no specimen exceeding three inches 

The proper name of this northern aubapeoies seems to be Xenohe 
megahtta peUaaies (see Hubbe, 1926 72) 

In Michigan we likewise find that the long-eared sunfish becomes 
progressively dwarfed toward the north The correlation is good 
between growth and certain climatic features, which diaiige greatly 
through Michigan The two climatic gradients selected^ from those 
mapped by Seeley (1922), as having a clear reln^olfa to the growth 
of this sunfish as determined by us, are (1) average number of 
days m the growing season (from last killing frost in spring to first 
killing frost in autumn)'* and (2) *‘the mean temperature for the 
year The distribution of our collections in respect to two divisions 
m each of these climatic gradients is shown in Map 46 An exami^ 
nation of the figure will make it clear that the groupings of the 
collections according to the two oiimatio divisions are identical 
The data are summonsed in Tables I and II and in Figure 67 
It seems clear that Xenotte megcMte peUaHee shows a dwarfing toward 
the north m Michigan, and that this dwarfing is correlated with a 
decrease m the mean length of the **growing season** (between killing 
frosts) and in the mean temperature of the year 

As for the long-earod sunfish, we find for Apomotta in Michigan 
that a good correlation holds between growth rate and two climatic 
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TABLE II 

AWRAQB SiZB (i^ASDABD LJBNOTB IN Mm ) FOR lA>lfa-BARED StlNFISH OP 

Each Aob Gboop in Michigan, Arranged acvording to I enoth 
OP Growing Season and Mean Annual Temperature 


The inferior figure appended to each average reproaonts the number of 
speoimena on which the average I 0 baaed 


Growing 
aeason 
in daya 

Mean 

temp 

1 Bumxnor of hfa 

2 d 

3d 

4th 

6 th 

0 th 

7th 

8 th 

1 

Otb 

10 th 

UO-160 

150-J80 

41-47® F 
47-49® F 

^1 OiM 

43 

49 Olio 
hd Ojn 

5«7i. 
73 2u 

til 5 m 
77 7„ 

* 2 611 

ni Oi 1 

89 3« 
105 0 , 

70 6, 


74 0i 


TABLE III 

Average Sise (Standard Length in Mm ) for Ghk»n Sunfish or 
Each Age Group in Michigan, Arrangpd according to 
OP Growing Season 


The infenor figure appended to each average repreaenta the number of 
speoimetui on whioh the average ia baaed 


Growing 

Summer of life 

HI days 

Ist 

3d 

8d 

4th 

Slh 1 

6th 

7th 

8th 

imso 

150-180 

19 8h 
11 0» 

44 0m 
40 8« 

59 8,7 
65 6«, 

80 8» 
89 24» 

91 7n 
11837 

114 

127 5„ 

N 

1 

158 0, 
145 0, 


TABLE IV 


NingBBR OP Spbcimbnb op Green Sunfirh Colilctbd before 
July U and after July 10 for the Two CJlhiatic 
Districts op Each Age Ghoufing 


Date of 
ooUcotion 

Growing 

season 

In days 

Summer of life 

Ist 

2d 

3d 

4th 

Sth 

la 

7th 

8th 

Before 

110-150 

2 

4 

6 


1 


■■ 


JulyU 

150-180 

6 

81 

81 

35 

3 

11 

D 

1 

After 

UO-150 

78 

125 

61 

22 

■a 

3 

n 

1 

July 10 

150-180 

^ 

H 

51 

10 


1 

n 

asssasE 
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gradients indicated by Seeley, 'Uho average number of days in the 
growing peascjn” and “the mean temperature for the year"' The 
distnbution of our collections of the green sunfish with respect to 
length of growing season is shown in Map 47 A change from this 
basis of classification to the mean temiieraturc basis, with groupings 
of 39” to 47® F and of 47” to 50° F , would involve the transference 
of only nine specimens, in their second and third summers, repre¬ 
senting three collections, and would in no way modify the con¬ 
clusions A study of Table HI and Figure 58 reveals a decreased 
growth rate in the northern part of the state The circumstance 
that the northern fish m the first and second summers were larger 
than the southern fish of the same age groups, though inconsistent 
with our gcntrol conclusion, is easily explained A separate tabula¬ 
tion of the number of specimens collected before July 11 and after 
July 10, for the two climatic distncts m each age grouping (fable IV), 
shows that the majority of the nfirthem fish (with a 110 ISO-day 
growing season) were coilcctod after July 10, and that (he majority 
of the southern fish (150-180-day season) were taken before July 11 
Thus the fish from the northern area had lived through a longer 
portion of the last growing season than had the fish of the same ago 
group from the southern area By the third and fourth summers 
the differt nee in size effected by chmatii factors is more than sufficient 
to counterbalance the effect of this fortuitous difference in time of 
capture 

in COURKLAIION BETWEEN THE GROWTH OE THE FIRST AND 
OP THE SECOND YEAR 

Some authors have indicated* a tendency toward “growth 
compensation" in several fishes, that is, an adjustment leading 
toward reduced variation in size with increasing ago This would in- 
volve a negative correlation between early growth and later growth 
We find no evidence that Ibis tendency holds for the growth of the 
long-eared sunfish in Michigan over the first two years of life (the 
period for which our data are adequate) A positiv e correlation exists 
between the growth of the first year and that of the second year for 
each sex in single collections (see Table V) 

In computing the first yearns growth from fish two years old (in 

* Three such indications were referred to or given by Hubbs, Eeviogut 
a 276 1921 
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•UMMCR or LIFI 

Fio 58 Ctjrreltttion of growth rat« of the green sunfiah in Michigan, with 
length of growing aeaaoQ Data from Table III 
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TABLE V 

CORRILATION BETWEEN GROWTH OF FlIWT YeAR AND OP SECOND YbaR 
IN SUNPIBHEB IN MICHIGAN 


Species 

Growing 
season 
m days 

Locality 

Bex 

No of 

apeci 

mens 

Co^- 

oient 

of 

corro- ; 
lation 

(r) 

Prob¬ 
able 
error 
of r 
(PEr) 

r 

PF^ 

Xenotit 

no 130 

Tomahawk Lake 

Male 

12 

•f0 63 

0 12 

5 

nug<U<H>$ 


Montmorency Co 

Female 

12 

-0 42 

0 10 

3 - 

Do 

do 

Bass tr&ko 

Male 

32 

+0 64 

008 

6 



Kalkaska Co 

Female 

18 

+0 60 

0 10 

0 

Do 

lAO-180 

Huron River 

Male 

22 

+0 40 

012 

3 + 



Washtenaw Co 






Do 

do 

Wilson Lake 

Male 

48 

+Q 76 

004 

10 



HiUsdale Co 

Female 

20 

+0 62 

0 11 

6 

Eupomotm 

do 

Crystal Lake 

Male 

00 

+0 46 

006 

6 

fftbbom* 


Ooeana Co 

Female 

96 

+0 47 

006 

9 

Eupomotu X 

do 

do 

Male 

67 

+0 41 

003 

14 

lielioptrea 



Female 

10 

+0 64 

: 013 

46 

Hdxoperea 

do 

do 

Male 

ga 

+ 090 

0 01 

90 

xneutor 



Female 

01 

+0 79 

003 

26 


third Bummer), the method of computation adopted by Hubbs and 
Hubbs (1933 619-623) was employed The scale measurements 
were made of the antenor embedded field along the median axis 
The data used by Hubbe and Hubbs in the paper just cited show 
a similar positive correlation between the growth of the first year 
and that of the second year (up to the time of capture of the yearlmg 
fish on October 23) for two other speirfes of sunfish and for the hy¬ 
brids between them Theae data are included in Table V 

The positive correlation between the growth of the first and of 
the second year in sunfishes means of course that those individuals 
of one sex at one locality which grow more than the average during 
the first year usually grow more than the average during the second 
year as well, whereas those which grow less during their first year usu¬ 
ally grow poorly m their second year also This naturally leads to 
an increased dispersion m sise with age — a phenomenon well shown 
m the Size frequency graphs for separated age groups m sunfishes 
(Creaser, 1926, Fig 4, Hubbs and Hubbs, 1933, Figs 69-70) 
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The positive correlation between the growth of the first and of the 
sccomi year at one locality may be due to any one of four reasons 

(1) The individuals which attain a greater growth during their 
first year, owing to early hatching or any other factor, may iiossess 
such a competitive advantage over the slowly growing fish of the 
same age that they obtain more food during the second year In 
rearing sunfish in miuana it uas obvious that the larger fish became 
the masters, obtaining food first and worrying the smaller individuals 
in combat, at times to the point of death 

(2) Some fish may select and inhabit through both years ecological 
niches particularly conducive to rapid grtiwth, or the reverse 

(3) The rate of growth in the first year may in some physiological 
way simdarly affect the growth of the second year 

(4) There may l>e genetic differences in growth potential between 
different individuals 

IV niFFEnil'N'lIAX. onOWTH OF THE SEXES 

It Is a very general belief, as Van Cleave and Markus (1929 634) 
have indicated, that female fishes grow somewhat larger and presum¬ 
ably faster than the males There is, indeed, a very considerable 
body of evidence to indicate tliat the growth of the sexes is either 
very similar, or that the females grow faster than the males The 
general circumstance that very large specimens of many species arc 
usually females is explainable in part as due to the greater growth of 
the females, but also m part as the consequence of the greater vi¬ 
ability of the females 

The long-eared sunfish forms a conspicuous exception to this 
apparently general rule that the female fish grow faster than the 
in^es of the same species Tables Vl-VII and Figure 59 give ade¬ 
quate evidence that the males in this species grow faster than do the 
females A small difference is already apparent among yearling 
fish (that 18 , those m their second year), and becomes accentuated m 
the mature fish When the differential growth starts is uncertam 
It becomes apparent a year before first spawning It is rather doubt¬ 
ful, however, whether there is any significant difference in the average 
slae of the sexes at the end of their first season's growth, that in 
first wmter (Table VIII) For all the soxed specimens of long- 
eaped sunfish from Michigan m our collection (605 males and 491 



680 


HiU)ba and Cooper 


TABI.E VI 

Avskaor Sizb of Tsm Sexeb or I ono-earfo SnNFitin op Each Age (tboup, 
FOR bach or THB CltfclATIO DISTRICTS IN MICHIGAN 


The infenor figure appended to each average represents the number 
of specimens on which the average is baaed 


Crow 

ing 

aeason 

Mean 

Sex 




Summer of life 




temp 

2d 

ad* 

4th 

6tb 

6tb 

7th 

8th 

9th 

10th 

no-160 

dayi 

41- 

47«F 

Female 

Male 

30 5tu 
aiitH 

47 2m 
61 fliu 

64 7*, 
50 141 

69 2m 
65 3,1 

64 8* 
68 3, 

93 0, 
86 6$ 

82 0) 
77 0i 


74 0, 

150-180 

dayi 

47- 

49‘‘F 

Female 

Male 

414i« 
40 Om 

61 6,4 
68 2im 

70 0ia 
76 

69 Ou 
84 7u 

UOOi 

99 0i 

no Oi 





* Usual age at first matunty 


TABLP] VII 

Deviation of the Standard Length of Indivippal Male SrBCiiiBNB or 
Long-eared Sunfish from tub Mean Length of FBMAtEs or thb 
Samb Aqb Qropp m the Same Coubction in Michigan 

Only those age groups in any one collection which contain at least four females 
were used Measurements and computations are expressed 
to the nearest millimeter 


Deviation m sise of individual maloa from 
average else of females in roiUimetem 


pummer 
of life 

-13 

to 

-11 

-10 

to 

-8 

-7 

to 

-6 

-4 

to 

-1 

to 

+1 

4'2 

to 

+4 

+6 

to 

+7 

+8 

to 

+ 10 

+ 11 
to 

+ 13 

+ 14 
to 

+ 16 

+ 17 
to 
+ 19 

+20 

to 

+22 

Second 

1 


10 

m 

IBI 

73 

27 

n 

m 

m 



Third 


1 

8 

11 

16 

16 

15 

El 

o 


6 

4 

Fourth 





1 

3 

4 

2 

n 


2 


^ifth 




1 

2 

1 

— 

1 

3 

■1 

B 


- -r- 


females) the average tuze is 48 1 tiim for males and 43 3 mm for 
females This is presumably not due to a greater longevity of the 
malesi because the males seem to be less viable than the females (see 
section below on sex ratios) 

In the green sunfish also the males grow faster than the females 
(Table IX and Fig 60) The difference in the size of the sexes in 
their second summer, as determined by averaging the lengths of all 
specimens studied, la shght and seemingly not dgmficant A com* 
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Fw 69 Growth curvfift of the two aexee of lon^-ca^td m the two 

growing*«eafian districte of MKhigan Data fr(/m Table VI 

pamoQ of the sizes of specimens of each sex within single collections 
(Table X) shows that the males apparently average somewhat larger 
than the females even before matunty is attaine<l The sexual 
dlmorphiHtn in size se^ms to increase during the third and fourth 
sumxnerSt and probably also throughout the '^till older jear groups, 
though these are represented by too few specimens to yield certain 
condunons 
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TABLE VIII 

CoMPARATIVB SlfB OF Skxeb of Long-eaked SimFiaH in Thrbb Collbctions 
FROM Michigan, at the End of Their First Season's Growth, as 
Computed from Fish in Their Third Summer 


(irowing 

season 

Locality 

Sex 

No of 
specimens 

Average 

size 

110-130 days 

Tomahawk Lake, 

Female 



Montmorency Co 

Male 



110-130 days i 

Bass I^ake, 

Female 



Kalkaska Co 

Male 



160-180 days 

Wilson liake, 

Female 



HiUsdaleCo 

Male 

■EHl 



TABLE IX 

Average Sizes of the Sexes or Green Sunfisb in Each Age Group, 
Araanoed according to the Length of the Growing Season 


The inferior 0gure appended to each average represents the number of 
specimens on which the average is based 



Hj 

Bummer of life 

3d 

3d 

4th 

6th 



8th 

110-160 

days 

Female 

Male 

44 O,. 
46 4h 

60 2m 

62 On 

76 0» 
83 8u 

83 0i 
93 7. 

96 Oi 

128 6t 

114 4» 

168 0i 

160-180 

days 

Female 

Male 

41 7b 
40 8u 

89 Sh 
700,t 

81 lu 

06 2ti 

llOSi 

124.84 

12634 
128 li 

122 Oi 
151 4i 

146 Oi 


It is probable that the males of at least most species in the family 
Centrarchidae grow faster than the females This was suggested by 
Creaser's data (1926, Fig 3) for Bupomotts gibbo9U9t and was defi¬ 
nitely indicated by Tester (1932 216) to hold for Mtcr&pterus doUh 
mteu Hubbs and Hubbs (1933 622) showed that the males of 
i^pcmoffs gibboimSf of Heltoperca tnctsor, and of hybrids between 
them grow at about the same rate as the females dunng theur first 
year of life, but at a faster rate dunng their second year Dr Ralph 
Hile informs us that the males of rvpssfna grow faster 

than rile females 
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TABLE X 

DicviATiON OY rasj Standard I enotii or IwuivinuAr Male Spectmens 
OP (iRERN SirNPrHH FROM THE MkaN I rVOTlI OF i* BMALB SpBOIMBNB 

OF THE Same Aob (iBoup and CoiiEmoN in Michigan 


Only those af;e k*’oui)S lu any one collection hich contain at loaat four females 
were used Moasuromente and computations are expressed 
to the nearest nulli meter 


Bummer 
of life 





Deviation m millimeters 







-10 

-7 

-4 

-1 

2 

fi 

8 

11 

14 

17 

20 ! 

21 

26 

20 

32 

35 

38 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to ! 

to 

to 

to 

to 

to 

to 


-8 

-5 

-2 

+ 1 

4 

7 

10 

13 

16 

10 

22 

25 

28 

31 

34 

37 

40 

Bocond 

4 

4 

8 

5 

3 

11 

4 

2 

2 

I 


1 






Third 

1 

1 

4 

2 

4 

7 

5 

3 

4 

2 

2 

2 





1 

Fourth 



1 

1 

2 


2 

2 

1 

2 

1 

2 



1 




The significance of this apparently altered differential growth 
rate of the sexes w of course a matter of speculation Our supposition 
IS that the increased growth of the males has been of selectional sig- 
nificanui enabling them the better to ward off enemies from the 
nests which they guard so pugnaciously 

This hypothesis will of course be very difficult to test It receives 
confirmation, however, from the differential growth rate of the sexes 
in Cyprmidac In that family most species show no specific nest- 
building or nest-guarding habits, and m these forms the females 
reach as large a size as the males or become larger, and probably 
grow as fast or faster But there are some notable exceptions, in 
which the male becomes much larger than the female These are 
the very species which build or guard some sort of nest, or perform 
both functions This correlation of differential growth rate with 
breeding habits can hardly be a coincidence, since it involves a 
considerable number of unrelated genera The greater growth rate 
of the male has been indicated m published papers for two cypiinids, 
for HyhorhynchuB noUUua by Van Cleave and Markus (1929), and for 
Semohlus airomamdaiuB by Greeley (1930) Hubbs and Greaser ob¬ 
served this phenomenon in 1921, not only for the two species juet 
mentioned, but also for Nocom%B hig-uttaiUB and Noiropia comutus 
frorUaha Males of other American eypnnids which guard the eggs 
grow larger than the females, notably the other subspecies of Nctropta 
comutuSf and Nocomta mtcropogoiif Leucoa&mua corporahaf Exogloaaum 
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tnaxtUinguaf Ptmephales promelaRf and CampoHioma afwmalum 
Professor Yuan ting T Chu calls our attention to the fact that the 
males of an Asiatic cypnnid, Pne^idoranbora parva, likewise guard the 
eggs and grow larger than the females 

V BhX RATIO 

Among the second-summer or yearling specimens of the long¬ 
eared sunfish, almost all immature, the two sexes are represented in 
approximately equal numbers About sc\en U nths of the fish a year 
older, m their first usual year of maturity, an males This aberrant 
sex ratio is certainly not representative of the actual natural popula¬ 
tion, but obviously results from the extreme ease of collecting the 
gregariously breeding males on theu* nests m shallow water But by 
the next year (fourth summer) the sexes m the collections are again 
approximately equal, sugge^sting an actual preponderant of the 
more retiring females For subsequent years the females m the col¬ 
lections somewhat outnumber the males, and are presumably de¬ 
cidedly more numerous m nature Of the three oldest hsh two are 
females m their eighth and tenth summers, and one is a male in its 
eighth summer The data arc given in Table XI 

Data on the sex ratio in Apfm(dt8 cyaneUm, gi\en m Fable \II, 
show an increasing percentage of males among the older fish, thus 
contrasting with the condition found in \enotis Hincc the males 
of Apomotts are not so gregarious m their breeding, collections having 
an abnormally large number of that sex do not occur As an apparent 
consequence the sexes are more ev enly represented m the collections 
of green sunfish The increasing ratio of males in Apomoii^ with age 
suggests that the males are more viable than the females This is 
contrary to the general rule as well as to the situation found for 
Xenoita, and needs confirmation 

VI AGE AND SIZE AT MATURITY, AND SUBSEQUENT LIFE HISTORY 

Xenotxa megalotta in Michigan appears to mature at a definite age 
rather than at a definite size In both the southern and northern 
parts of the state the great majority of individuals mature first at the 
age of two years, that Is, m their third summer This is true despite 
the circuxnstanee that the immature yearlings in the south are often 
as large, usually 40 to 50 mm in standard length, as the average 
mature two-year-old fish in the north In their first summer of 
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TABLE XI 


Sex Ratios roB Lono-joajudd Svnfirh ab Dbtbbminbd faom 
TBB MiCHIOAN SPBCtMBKS StxJDIXO 


Summer 
of life 

Umial maturity 

No of 
males 

No of 
females 

Percentage 

1 of males 

Second 

Immature (yearlingl) 

265 

262 

51 

Third 

First year of maturity 

221 

100 

60 

Fourth 

Second year of matunty 

60 

63 

49 

Fifth to tenth 

Subsequent years (ma¬ 
ture) 

59 

76 

44 


TABLE XII 

Sbx Ratios tor Qrkkn Sunitsk as Dktbbminso frou tkb 
Micuioar Spscimbms Studikd 


Summer 
of life 

Maturity 

No of 
males 

No of 
females 

Percentage 
of males 

Second 

Almost all immature 

72 

80 

46 

Third 

About 75% mature 

69 

68 

SO 

Fotirth 

All mature 

40 

27 

60 

Fifth to eighth 

All mature 

86 

11 

77 


matunty the long-eared Bunfiah in eouthem Michigan are usually 46 
to 75 mm in standard length (2 0 to 3 6 inches in total length), while 
those in northern Michigan are usually 33 to 66 mm in standard 
length (only 1 5 to 3 0 inches long over all) during this first season 
of matunty (Tables I and XIV) 

There is little variation in the age at matunty of long-eared sun- 
fish in Michigan Occasional large yearlings at scattered localities 
are mature, or maturing so as to spawn m their second summer 
Similarly a few two-year-old (third-summer) fish are immature, and, 
in agreement with this, a few fish show no trace of a spawning maiic 
on their scales inside the third winter line 

A considerable percentage of the long-eared sunfish in Miohigaa 
which reach maturity live through three years of matunty (Tables 1 
and XIV) About as many four-year-old as three-yeaiHild fish appear 
in the coUectiona studied RelaUvely few, however, live to be older, 
for both sections of the state there is a sharp drop in numbers be¬ 
tween the filth and the sixth summer of Ide Of the 1,120 fish 
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studied only 6 are m the seventh summer, 2 m their eighth, and 1 in 
Its tenth year (approximately nme years old) All three of the 
eighth- and tenth-summer fish are from the northern growing district 
(116-160 days) Of the 24 fish m their sixth to tenth year, 21 
(nearly 90 per cent) are frcmi the northern district, although only 
64 per cent of the total number of fish studied, yearlings excepted, 
are from that district 

All the green sunfish m Michigan appear to be mature m their 
fourth and subsequent summers Roughly about three fourths of the 
third^ummer fish and a very few of the second-sumrntr fish are 
mature In single collections the early spawners withm a given year 
group are the larger mdividuals of that year group, yet no significant 
differences m age of maturity are correlated with the differential 
growth rates of fish from the northern and the southern parts of the 
state, or with sox The over-all size at first maturity for both sexes 
averages slightly ov er three inches m the southern part of the state, 
and slightly under three inches m the northern district Greater 
longevity in the region of slower growth is indicated by the data, 
in our collections from the southern and the northern areas the rela¬ 
tive numbers of individuals in each summer of life from the first to 
the eighth, are 80 6,129 45,67 83,22 45,11 7,3 13,5 6,1 1 
The ages and sixes of the green sunfish at maturity arc indicated 
in Tables XII and XV 

VII THK 8PAWNINO 8FA80N 

Observations of nesting fish, supplemented by the examination of 
the gonads of preserved specimens, show that the spawning season of 
the long-eared sunfish m Michigan centers in July, but extends from 
the latter part of June into early August Like other distinctly 
summer epawners, it does not mature the gonads during the fall pre¬ 
ceding spawning, as do most of our early spring spawning fii^es 

Oup observations of the green sunfish indicate a prolonged spawn¬ 
ing season for this species in Michigan This is especially obvious 
from our data on the size distnbution of the young of the year, given 
in Table XIH The first two entries m this table definitely indicate 
June spawning, the sizes of the young of subsequent ooUeotions 
make It dear that spawning extends through July and probably into 
August, to judge from the growth attained at the time of capture 
Gravid femaiee occur in collections made as early as June 25 and as 
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TABLE XIII 

Si2K or Orekn IN Tasjn Fiabt Svumisr or Lifs 

IN SlNQIE COLLECnONH FROM MICHIGAN 


Growing 
ftoaaun 
in dayn 

Lake 

County 

Bate 

Mean 
length, 
in mm 

No of 
specimens 

160 ISO 

Third Sister l^kc 

Washtenaw 

July 1 

no 

6 

110-160 

Whipple Creek 

Newaygo 

July 9 

31 0 

2 

Bo 

Railroad I^ke 

Uke 

July 18 

17 0 

J 

Bo 

I ittlc l<og lAko 

Kalkaska 

August 9 

180 

1 

Bo 

Highbank l^ke 

Newaygo 

August 24 

181 

34 

Bo 

Kjcbners 1 ake 

Menominee 

August 30 

218 

29 

Bo 

Cranberry l^ke 

Kalkaska 

Sept 11 

202 

6 

Bo 

Sand I Ake 

Newaygo 

Sept 17 

16 0 

1 

Bo 

Ooatoga 1 ake ' 

Otsego 

Sept 27 

230 

1 

Bo 

Hurae^oe I ake 

Otsego and 
Crawford 

Sept 29 

16 7 

6 


late as July 27 Males in southern Michigan retain running milt 
as late lis September 28 Forbes and Richardson (1909 250) indi¬ 
cated spawning of the green eunfish m Illinois as late as August 14 

vni THE ePAWNIKQ MARK ON THE SCALES 

Several who have worked on the life history of centrarchid fishes 
have noted “double annuli’’ which we have thought might reflect 
checks in growth due to both winter and breeding Now we feel 
justified m stating, for the long-eared and the green sunfishes at 
least, that spawnmg is usually registered on the scale by a definite 
mark (Pis CTV-CVIII) The spawning mark is closely associated 
with and lies within a winter annulus, usually within each annulus 
from the third one out to the last one shown on the scale This 
spawning mark indicates an abrupt though temporary slackemng or 
cessation of growth during the breeding season 

The spawning mark is most olearly evident across the anterior or 
concealed field of the scale and m the antenor portion of the lateral 
fields Here it is often more conspicuous than the true winter line 
It often appears as a definite clear break across the anterior field, 
caused largely by the straightening out of the ridges (circuit) betwe^ 
the radii Between a spawning mark and the preceding ^nulus the 
ndges are usually strongly curved inward between each two radii, 
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whereas from the spawning mark outward to the following annulus 
the ridges are usually straight This change m the curvature of the 
ridges tends to leave clear lenticular gaps along the line of the spawn¬ 
ing mark 

The ndges representing the spring growth out to the spawning 
check are widely spaced, those representing the fall growth outside 
the spawning mark are often (though by no means always) more 
densely crowded, so as to form a dark band across the anterior field 
of the scale This dark band of crowded ridges when dev elopcKl is 
usually continued around and just back of the anterolateral angles 
Rarely the breeding mark may be traced into or even across the 
posterior or exposed field of the scale, ‘^'^parate from tlie winter 
annulus, though usually the two marks merge together in advance 
of the posterolateral angle This would seem to indicate that the 
scale grows chiefly m the anterior direction after the spawning time, 
thus embedding the scale more deeply into the flesh I^orsoventral 
growth of the scale seems to be very slight afttr spawning, except 
toward the anterolateral angle, along which the growth is about as 
great os on the antenor field 

The more complete spawning marks have probably been mis¬ 
taken occasionally by previous investigators for winter annuli A 
thorough understanding of the features of the two marks should 
make such errors in age determination very rare 

Although as stated above the spawning season of the long-eared 
sunfish in Michigan centers in July, extending from late June to 
early August, the spawning mark is usually much nearer the follow¬ 
ing ¥nnter annulus than the preceding one This suggests that a very 
rapid spnng growth and a more sluggish late summer and fall growth 
is the rule The wide spacing of the circuh laid down prior to spawn¬ 
ing and the crowdmg of the post-spawning circuh are m harmony 
with this view that the growth is slackened in the later part of the 
season 

The formation of the spawning mark is clearly coincident with 
breeding Scales from either species taken in the late spring prior 
to spawning show the widely spaced ridges charactcnstic of spnng 
growth, without a trace of a spawning mark near the margin Scales 
from male long-eared sunfish taken on their redds m the Huron River, 
Michigan^ on June 28, show little indication of a spawning mark, 
whereas ^most all those taken on their nests in the same river on 
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July 7 and 9 show a spawmng mark forming or completely formed^ at 
or very near the margm of the scale Autumn-taken fish have scales 
showing the spawmng mark well inside the margin 

IX helation or sizk and growth to tEoan limit 

The laws of Michigan* as they now stand (March* 1934)* list the 
long-eared sunfish (XenottB megalotte peUaeke) and the green simfish 
{Apomoiti cyaneUus) as game fishes* and stipulate the legal eiae lumt 
of these species as six mcbes 

Not one long-eared sunfish among the 1*129 specimens available 
for the present research is so large (see Table XIV) It is doubtful 
whether one long-eared sunfish per thousand mature fish in Michigan 
is of legal size Less than 0 6 per cent of our examples are more than 
5 inches long Only 1 m 18 or 19 is more than inches long This 
species 18 clearly not m need of any protection in the way of a legal 
size Urmt Placing a legal size limit of 0 inches* or of 5 or even of 4 
inches* on this species gives it complete or almost complete protection 

Only 4 per cent of the green sunfish specimens studied are of l^al 
sire (Table XV) Whether this percentage is representative of the 
natural fauna or not is debatable* since most collecting is done in 
shallow water with small seines and is somewhat selective of the 
smaller fish However* of the twenty fish of legal size, eleven were 
collected by Professor T L Hankinson m Oakland County* mostly 
from Walnut Lake Since his collections included only five speci¬ 
mens under the legal rise* he obviously selected for preservation 
chiefiy the larger fish Hus compensates more or less for the selective¬ 
ness of seining methods for the smaller fish This selectivity is 
probably not severe anyway* since the green sunfish is a shoal-loving 
species All the legaMzed fish were taken from lakes* 85 per cent 
from the southern part of the state (160^180-day growing season)* 
and hence only 15 per cent from the northern district (ll(K150-day 
growing season) Of the fish studied only one in one hundred from 
the northern zone is of legal size If the selected Walnut Lake ool- 
leetions be excluded* only one fish m thirty-two from the southern 
zone is of legal size 

Protecting these dwarfed sunfisbes ai^mmitly has no benefiriat 
effects* and may be decidedly harmful to &hing for pan fish in certain 
inland lakes They must to a oonrideraUe degree compete with the 
pumpkinseed and bluegiil sunfiahes tor food and for ^piwnlng 
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% totM popalatMHi 61% 35% 4% 





693 


Age and Growth of Sunfi^hes 

grounds The competition for food between the adults of the Icmg- 
eared sunfish and the half-grown of the larger specie^ must be rather 
severe, especially when the long-eared sunfish becomes abundant 
The voracious habits of the green sunfish make it an even worse 
competitor of the bluegiU and pumpkinseed Its large mouth even 
enables it, when adult, to oat the same kind of food as the larger 
young or even the half-grown of tht larger game fishes It even tends 
to be a predator When it becomes abundant, it must ha\ e an effect 
on the population of the larger species 

Both the long-eared and green sunfishes do in fact swarm and 
dominate in certain inland lakes of the state In all pnibability the 
complete or almost complete protection accorded these species by 
the law has been conducive to their increase The larger and better 
sunfish species have suffered a dram and depletion, while the survival 
of the dwarf species has been favored 

Another potentially harmful effect of multiplying the numbers of 
these dwarfed species is the increase in number of interspecific hy- 
bnds Whereas these hybnds arc not dwarfed, they are infertile, 
though they vigorously monopolize the sunfish spawning grounds 
throughout the warm season (Hubbs and Hubbs, 1931, 1933) 

It IS true that the long-eared sunfish is not generally distinguished 
by Michigan anglers from the larger species, but the green sunfish is 
confused with the warmouth bass (Chaenobryttus gulosu^) under the 
name of **mud bass It is claimed by some that a special size limit 
on the two specios would lead to confusion in tfio enforcement of the 
law Our recommendation, however, is that both bo removed from 
the list of game fish entirely, and that the legal limit for ‘‘sunfish** 
be spocified as applying to the pumpkmseed and the bluegilJ This 
would allow cottagers (and their children) to remove tho excess of 
the long-eared and green sunfishes when overabundant, after they 
have learned the identity of the dwarfed species 

In more southern states both the long-eared and the green sunfish 
attain a more respectable size, and m places rank as pan fishes of 
some importance In the Osorks the green sunfish readily takes the 
fly, and has a good reputation as a game fish, though in some isolated 
ponds and in creeks throughout its range it swarms and becomes 
dwarfed Tho recommendations for a change m the legal status of 
the long-eared and green sunfishes apply to Michigan only For the 
lakes m northern Indiana Htle (1931 42) concluded that ^'It is 
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doubtful whether legal sue [five inches] is reached [by the long-eared 
ftunfish] before the fourth growing season, and some individuals in 
the III, IV, and V groups scarcely pass the scrutiny of the law ” 
In Ohio no sue limit is stipulated for either the long-eared or the green 
sunfish (there is a bag hmit of twenty per day for all eunfishes com¬ 
bined), even though both species tend to grow larger m that state 
than in Michigan Milton B Trautman informs us that in certain 
of the smaller Ohio ponds protected from fishing the green sunfish 
excludes the other species, and becomes so numerous as to be dwarfed 

X SUMMARY 

1 This study was based on the age determination of 1,129 long¬ 
eared sunfish {XenoUs megalotiB peUaeUe) and of 514 green sunfish 
{Apomoixs q/anellutt) from Michigan, using the scale methods now 
becoming standard 

2 These species become more dwarfed toward the north m 
Michigan, in good correlation with a shortened growing season and 
lower mean annual temperature 

3 There is no evidence for ‘^growth compensation In three 
genera of Centrarebidae, XeTuAts, Heltoperca, and EupomotUf a pos¬ 
itive correlation exists between the growth of the first and of the 
second year 

4 In Jfenofis and Apomofis, as in other oentrarchids, the male 
grows faster than the female This unusual relation may be an 
adaptation, since larger else would obviously be of advants^ to 
these nost-guarding fishes In the Cyprimdae likewise the males 
grow larger than the females m those species in which the male guards 
the eggs 

5 In Xenotta the females apparently live longer than the malos^ 
on the average Our data for the green sunfiah indicate, anoma¬ 
lously, that the males are more viable than the females 

6 Attainment of maturity in both species is related to age 
(usually just two years) rather than to sise Greatest longevity is 
probably attained m the region of greatest dwarfing Maximum 
indicated age for the two species in Michigan is nine years for the 
long-eared sunfish and seven years for the green suhfii^ 

7 Both species are summer spawners, nesting horn the latter 
part of June at least into August 

8 A definite spawning marie is usually produced on scale of 
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both specieS) indicating a slackening or cessation of growth during 
spawning Spring growth (prior to spawning) appears to be more 
vigorous than late summer and fall growth 

9 Since the long-eared sunfish very seldom if ever attains its 
designated legal length of six inches in Michigan^ and since relatively 
few green sunfish exceed that lengthi these species are obviously not 
in need of such legal protection Maintaining them as game fishes 
favors their increase They tend to become overly abundant, and 
probably compete with the better species for food It is recom¬ 
mended that they be omitted from the list of designated game fishes 
and that they be exempted from any mze or bag limit 

UNivBBStTT or Michioak 
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INTRODUCTION 

I N THE life history of Gorgodera ampltcava IjOobs as detennmed 
expenmentally the frogs Rana clamttans Latr and R catcBbeiana 
Shaw have been used as defimti\e hosts, and a clam, Mnscuhum 
partumetum Say, and a snail, HdiBoma antrosa Conrad, as the first 
and second intermediate hosts, respectnely The abstract by KrulJ 
(lft33&) IS, apparently, the first paper to appear on the life history of 
frog bladder flukes in the United States, in this note Musculium 
paHurrmum, fiehaoma anirosaf and Rana clamitans ^\ere reported as 
first and second intermediate hosts and definitive host, respectively, 
of a gorgodend fluke now determined as Oorgodera ampbcoco Loess 
In the present paper the larval stages of this fluke are described in 
full and the experiments establishing the life history are given, in 
addition, a new local definitive host, Rana caleshnana, is reported 
The two definitive hosts are commonly found to be naturally infected 
with <? ampltcava, which is the only frog bladder fluke that has been 
taken in the local Beltsville area m two years of collecting Bensley 
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(1897), who descnbed G amphcam uuder the n&me of DtsUmum 
cygnotdesj reported it from the frogs Haim clamttans, R vtrescenSf 
and R catnbetana, and subsequently Stafford (1902), tJort (1912), 
Guberlet (1920, identified as 0 ctrcawi, sp nov) and Harwood 
(1932) recorded the fluke from R caiesbetana 

Simtsin (1906) descnbed the larval stages of several frog bladder 
flukes and discovered that the large active tails of the oercanae 
served as lures for certain insect larvae which became infected by 
eating the cercanae He observed also that there was a decided 
difference m the relative activity of the different cercanae Further¬ 
more, by inconclusive expenments, he found that larval Epttheca 
could be infected with the cercana of Gorgodera loossi and that the 
resulting metaoercanae, when fed to a frog, developed into Gorgodera 
loom Sinitsin, and that larval Agrton could be infected with the 
cercana of Gorgodera varBovtenatB and that the resulting metacercariae, 
when fed to a frog, developed into Gorgodera vareovunats Sinitsin 

The wntcr has had occasion to observe, m the Douglas Lake 
region and at Ann Arbor, Michigan, similar frog bladder fluke 
cercanae shed by clams of the family Sphaemdae Encysted frog 
bladder fluke metaoercanae were found in naturally infected nymphs 
and imagoes of damsel flies, LeeteB ap, and the nymphs of these 
insects also could be infected under laboratory conditions by feed¬ 
ing them cercanae which, when they penetrated the digestive system, 
produced a definite and decided response in the nymphs similar to 
those described by Sinitsin 

The life history of Gorgodera amplicava, subsequently discussed, 
IS peculiar m two respects (1) The tail of the cercana of 0 amphcam 
is immobile and exceedingly long in comparison with that of other 
forms, and (2) a snail inst^ an insect, as in the case of other 
frog bladder flukes for which comparable parts of the life history 
are known, serves as the second intermediate host Ihe idea that a 
snail might be a second intermediate host of a frog bladder fluke is 
not new, for Thiry (1859) concluded, on the basis of the excretory 
system and the discarded stylet, that encysted larvae found by bun 
in small lymnaeid snails were those of Cercana magrocera, Sinitsin, 
in his comment on Thity’a discovery, stated that it was cmly possi* 
ble to say that Thiry had observed a young dlstome, and t^t it 
was absurd to think that the encysted larva was a frog bladder 
fluke, ainoe it was inooneeivaUe that the host, the small tymnoeai 
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would be used as food by frogs, because normally they did not feed 
on moiiusks 

It has been the expenence of the writer that snails, both terrestnal 
and aquatic, are rather commonly encountered m the digestive sys¬ 
tems of frogs collected under natural conditions, and he has found 
a fully grown Polygyra albolabrua in the stomach of a moderato-aized 
frog That moiiusks are oaten by frogs is easily demonstrated by 
putting moiiusks and frogs together for a couple of days in an aqua¬ 
rium containing about two inches of water, during this time most 
of the snails are usually eaten 

DESCRIPTION OF LARVAL 8TAQE8 

Sporocyst 

Daughter sporocyst large, 11 to 3 5 min (average 2 6) long by 
230 to 360 p (average 330) wide, tubular, with one end constncted 
for a short distance Wall of sporocyst rather thick and rough, 
with large semicircular flame cells (PI CIX, Fig 1) A single sporo- 
cy«t may ha\ e as many as sixteen fully grown cercanae 

The sporocysts occupy the proximal ends of the gills of the clam 
and are more or less free except for the constncted ends, w hich are 
mobile and buned in the giH tissue and which, apparently, serve as 
holdfast organs In some of the siwrocysts this constricted end is 
open, and oercana bodies without the tails have been observed to 
crawl out of this end when the sporocysts wore mounted on a slide, 
indicating that this opening is possibly a birth pore through which 
the cercariae are discharged 

The peculiar flame cells of the sporocyst are very largo, some 
being 68 p wide The liimting membrane of the cell proper could not 
be determined, but the nucleus and the cytoplasmic parts, os in* 
dioated In Figure 1, were always observed The semilunar portion 
of the ceil, which contains the vibratde, platehke structures, narrows 
between the two ends and opposite the nucleus to form a duct, as 
idiown in Figure 1 These flame cells have been described as present 
in IMomum cygnoides Oorgodera cygnotdes) by Looss (1804) and 
in the sporocyst of PhyUodtstotnufn foltum by Sinitsin (1905) 

Ccrcona 

Ciystoo^cUB cercoria (Fig 2), 4 4 to 7 6 mm (average 6 0) long, 
AtfeienUltted into an anterior chamber 350 to 890 (average 372) 
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long by 170 to 2^0 /x (average 196) wide, tail proper 150 to 170 m 
( average 160) wide near anterior end and tapenng posteriorly, with 
the end bluntly rounded Tail cylindrical, immobile, transparent, 
and structureless except for conccntnc stnae and a few small scattered 
nuclei m its wall Opening of cercana chamber elongated A py¬ 
ramidal mass of tissue arises from base of chamber at junction with 
tail proper, this supports an attachment for the cercana body 
Cercana body spindle-shaped, 600 to 780 ju (average 693) long 
by 195 to 235 /x (average 220) wide Cuticle 1 5 to 2 /x thick, marked 
by longitudinal and conccntnc stnae, their nature and extent 
depends on degree of contraction Body provided with sensory 
tubercles a circle of 10 around oral sucker and one of 6 around 
acetabulum Besides these, a pair of ventral lateral rows, 4 tubercles 
in each, extends from oral sucker to the acetabulum, a pair of lateral 
rows, about 25 tubercles in each, reaches from antenor to postenor 
end of body, and a pair of dorso-lateral rows, 2 tubercles in each, at 
level of oral sucker Surface of oral sucker provided with 24 sensory 
papillae that vary m sise and distnbution (see Fig 3) Papillae on 
the oral sucker at sides of stylet are devoid of sensory hairs which are 
present on the others Limited areas (Fig 3) on both suckers are 
supplied with sensory hairs 4 to 8 /x long The hairs, aside from those 
on papillae, confined approximately to outer half of the suckers, 
except in stylet region of the oral sucker, where they occupy area 
between level of base of the stylet and mouth opening 

Stylet 33 to 37 /x (average 34) long by 8 or 9 m wide, embedded in 
a slight anterior prolongation of oral sucker Stylet rounded pos¬ 
teriorly, pointed, and curved dorsally anteriorly, postenor end of 
stylet somewhat depressed A pair of lateral wings on dorsal mde 
anse abruptly near anterior end, they dimimsh gradually postenorly 
and curve ventrally A slight, short, median keel is present on 
ventral side of stylet near anterior end Oral sucker 93 to 117 /x 
(average 105) long by SB to 96 m (average 92) wide, with a sHght 
anterior prolongation m the stylet region Acetabulum slightly 
postequatorial, 122 to 133 m (average 127) In diameter Ratio of 
siee of oral sucker to acetabulum about 4 5 Penetration gland 
cells, 6 pairs, indistinct and anterior to acetabulum, mostly mter- 
cecal, with ducts having an undulating course anteriorly and opening 
near tip of stylet Nuclei of gland cells % fx in diameter Oral 
aperture subterminal, esophagus narroWi thin-walled, reaching about 
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midway of diutaoce between suckers, ccca narrow, poorly developed, 
terminating near posterior end of body Excretory aperture at 
posterior tip of body, excretory bladder small, thick-walled, metiian, 
with a stem reaching anteriorly almost to acetabulum and then 
bifurcating to form lateral collecting ducts extending antenad as 
undulating tubules to about level of oral sucker The excretory 
bladder and entire median tubule is surrounded bv large, compactly 
arranged, granular, cystogenous gland cells, with their long axes 
at nght angles to long axis of the body Prunordium of genital 
organs immediately posUnor to acetabulum consisting of a poorly 
developed submodian mass, with narrow lateral prolongations and a 
thread of cells continuing dorsal to acetabulum as far as its anterior 
border, indicating the position of the future uterus and genital 
pore 

Ihis description is based on living and on stained and mounted 
material from Muacuhutn partwnetum Ihe measurements of the 
cercana body were secured fixmi specimens under pressure of the 
cover glass just before death The following average measurements 
were obtained from five cercana bodies killed and then mounted in 
10 per cent forroahn under slight, if any, pressure body 240 p 
long by 135 p wide, oral sucker 68 m long by 61 ja wide, acetabulum 
79 M long by 94 p wide Average measurements of six cercana 
bodies, killed in 10 per cent formalin and stained and mounted, 
were body 205 p long by 120 p wide, oral sucker 51 long by 45 /x 
wide, acetabulum 52 p long by 68 /u wide The following measure¬ 
ments were obtained from a living cercaria moderately contiacted 
and not under pressure body 285 p long by 145 m wide, (>ral sucker 
73 fx long by 63 M w*de, acetabulum 75 p long by 82 p wide, width 
of ihe stylet gland duct area at level of oral sucker 10 p Ihe cer¬ 
cana body IS full of refractive granules which make it difficult to 
tbstinguish the organs The second tubercle in each of the lateral 
rows IS double, the anterior part of the double tubercle is the smalfer 
Doubhng is also apparent in the papillae at the angles of the mouth 
^Fig 3) It was impossible to observe all the stylet gland cells in a 
single cercana on account of the refractile matenal in the body, 
howevetr, the number of ducts could be determined and the number 
of cells was obtamed by counting the ducts The pnmordia of 
genital organs are practically imperceptible in living ceroanae, but 
ootdd be observed in stained and mounted specimens Of the mtra- 
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vitam stains used m this study only gentian violet and neutral red 
were of value 

As already indicated, the tail is almost structureless and seems 
to be nothing more than an elongated sac, being sticky, this structure 
is easily tangled up in debris or m any orgamc material which the 
snail may eat The cercana body is relatively inactive m its capsule 
in the tail, m its resting position the body may be contracted and 
straight, or elongated with the antenor end folded ventrally The 
oercaria body may be forced out from the tail by a shght amount of 
pressure of the cover glass, all the specimens used in the study were 
obtained m this way In no specimen has the cercana body been 
found attache<l to the tail, although a tissue structure in the bottom 
of the capsule indicates that it is attached at some time, a condition 
which prevails in immature oeroariae in the sporooyst 

Mda^fcana 

Shape of the body and position and distnbutmn of tubercles and 
papillae as in cercana Sensory hairs on suckers absent Longi¬ 
tudinal and transverse striae on body quite prominent, owing to 
subcuticular musculature Body 4S5 to S35 m (average 682) long 
by 160 to 240 /* (average 208) wide Stylet absent, but its cavity 
m oral sucker is prominent Remnants of stylet gland-cell bodk» 
and ducts usually present Oral sucker 80 to 130 n (average 109) 
long by 82 to 116 ^ (average 104) wide, with a slight antenor pro¬ 
longation marking place where oercaria stylet had been embedded 
Acetabulum 112 to 165 m (average 142) long by 112 to 165 m (average 
144) wide, slightly postequatorial Ratio of oral sucker to aceta^ 
bulum 3 4 Oral aperture subterminal, esophagus narrow, rather 
thick-walled and reaehmg to near ipidway between suckers, there 
bifurcating to form well-developed, thick-walled oeca which terminate 
near posterior end of body Cercaiia l^adder and median oolkoting 
tubule dilated to form laxge excretory bladder (Fig 6) cootainmg 
numerous clusters or roeettea of very fine refracUie granules fixed 
to its wall Cystogenous ^nds, surrounding the bladder, much 
reduced and in various stages ol dismtegration Wall of excretory 
duct muscular and terminating in a median pore at posterior end 
of body Primordia of gemtal organs somewhat more developed than 
in the oercaria One of the largest metaOercarig, in addition to the 
anteriorly directed thread ol cells as desmibed for the ceroaiiai i^owed 
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a pair of cell threads that extended posteriorly, one on either side 
of the excretory bladder, one of these cell threads showed enlarge¬ 
ments, primordia of testes 

The metacercanao on which the description was based were 
laboratory-raised and -infected snails, Heltsoma atUrosaj which had 
been infected for at least two weeks The metaoercariae do not differ 
essentially from the cercariao bodies except in sue and excretory 
bladder 

The measurements of metacercanae under different conditions are 
given in the following table 


TABLE I 


MlBABimBlCENTS OF MBTACKRCAaiAB IW MlCRONS 


Kumbar of 
■poeimeM 


Hr* •( UfM «f 
dtutti iwd«r pnt- 
ttiM of oovor clwfe 


ThfM kiUod wkI 
mouoiod In 10 por 
otni formalin 


Four, 11*1004 *04 
mcmoto4 *ft(tf b*> 
tag kUla4 in 10 p*r 
o«nt foniuUn 



A metacercaria measured in 10 per cent formalin was 370 fjt long 
by 155 M wide, its oral sucker was 76 ju long by 70 m wide and its 
acetabulum 04 p long by 100 p wide When stained and mounted 
the same specimen was 305 p long by 118 m wide, its oral sucker was 
then 62 long by 52 m wide and its acetabulum 66 y. long by 7b y 
wide 

The cercaria stylet is discarded intact except that the more 
delioate wmg parts of the structure may be fragmented The stylet 
may be recovered from the cyst In the fully developed metacercaria 
the excrete^ bladder is very much distended and contains clusters 
of jgnmtiles adhering to the wall 
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The encysted metacercanaa in naturally and experimentally in¬ 
fected snails, as previously indicated by the wnter (Krull, 1933b), 
were usually localized m tissues surrounding the intestine at the level 
of the heart and were easily freed in dissections, when numerous, 
several were usually clumped together The majority of cysts are 
spherical, some are suboval The roomy cyst usually consists of 
two parts, an inner thin, transparent, and hyaline part of metacer- 
carial origin, and an outer granular, pigmented, and ill-defined part 
of host ongin Cysts of twenty-one metacercanae at least two weeks 
old, which were devoid of the poorly defined part of host origin, 
were 200 to 245 fA (average 217) in diameter Subsequent measure¬ 
ments of a few older cysts from expenmental and natural infections 
indicate that the maximum size may be somewhat greater Seven 
hyaline cysts from a naturally infected snail were 255 to 289 fx (aver^ 
age 277) in diameter 

FXPERIMENTS 

Kemarka concerning expenment antmala 

The small clams, MuBcuhum partumeium, used as a source of 
material for infection experiments were collected m a small pond 
near Beltsville, Maryland From September 1 to October 24, 1933, 
152 specimens were collected, of this number 11 were actively shed¬ 
ding ccrcanae 

The snails, Heltaoma arUroaaf used in the expenments, were from 
one fourth to three fourths grown, they were hatched and raised m 
the laboratory The stock from which the snails were reared was 
collected in August, 1932 The snails laid eggs the following spring, 
and when a sufficient number of egg masses had been laid the parent 
snails were removed The snails which hatched from the egg masses 
were the ones used m the expenment A control was not considered 
necessary, since the snails were raised from eggs m the laboratory, 
nevertheless, twenty specimens from the aquanum that contamed 
the snails to be used in experiments were dissected and found to be 
negative for any trematodes 

The tadpoles of Hana damttane and R caUsbetana were collected 
during May and June, 1933, in a small pond on the Zoological 
Division Field Station, Beltsville, Maryland, and were kept under 
laboratory conditions until they transformed The frogs were then 
kept out of doors in wooden pens covered with metal lath Meat was 
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placed in the pens to attract flies, which served as food for the frogs 
The frogs used in experiracnta were infected dunng the summer and 
taken indoors in September The control frogs, forty-five green 
frogs and twenty-six bullfrogs, raised under conditions identical with 
those used in the experiments, were examined and found to be nega¬ 
tive for trematodes of all kinds Other tadjKiles similarly handled 
had been taken previously from tlus pond (Krull, 1933a), and 
similar negative results were obtained when they were examined for 
trematodes 

Extensive collections of fish, dragon-fly and damsel-fly nymphs, 
tadpoles, and cydops have l^en negatne for flukes, and no flukc- 
infested animals have ever l>een traceable t(‘ this pond No mollusks 
had ever been taken in this pond during tht first two ytars of collect¬ 
ing, but m October of the third year a few snails, pHeudosumuta 
rolumtlla, were found A thorough examination of the pond showed 
the snails to be localized in a small area near the boat with which 
they had probably been introduced accidentally The water in the 
pond has an average yearly pH of 6 2 

All the mollusks used in the expenments were identified by 
Mr Wm B Marshall of the United States National Museum 

Infection experiments wUh the second mtenmdtate host 

Though several expenments of a similar nature have been earned 
out, only the most important and significant ones will be described 
In one experiment five clams, Muscuhum partumetumf which 
were actively shedding cercanae, were put in a small stendcr dish 
containing water and allowed to stand overmght, since it had been 
found that cercanae, apparently, were shed only at mght Numerous 
cercarlae were observed in the container on the following morning, 
and eleven immature specimens of Hdtsoma antrosa were then in¬ 
troduced, a pinch of calcium carbonate, of which the snails were 
fond, was added at the same time for the purpose of inducing them 
to eat After four days had elapsed, the clams were removed and 
preserved for identification, and the snails were transferretl to a 
larger aquanum until examined Since these infected snails were 
usually fed to fixigs after a few cysts had been dissected out for study, 
usually no attempt was made to count the total number of cysts m 
each snail Ail the snails became infected and the number of cysts 
in each snail ranged from one to forty-eight The snails were ex- 
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amined six to twenty-six days after they had been subjected to 
infection and five of them died dunng the time interval Control 
snails from the same lot were kept in aquana and under conditions 
similar to those used m the experiments, none of these died Con¬ 
sequently, there is reason to beheve that the infestations were a 
oontnbuting factor in causing the deaths of the infested snails 

In another expenment fourteen oeroanae were introduced into 
a small stender dish oontaming a pinch of calcium carbonate and a 
snail Iwenty-five minutes later seven cercanae had disappeared 
The snail was then carefully dissected to determine the position of 
the mgeated cercanae One of the cercanae recovered had encysted 
near the heart and in this one only the hyaline cyst of cercaria ongin 
had been formed , two others m the same location had not encysted, 
and the remainder, which had escaped from their tails, were very ac¬ 
tive in the postenor end of the esophagus The place where the cer- 
cariae escaped from the digestive tract was not determined definitely, 
however, the foregoing expenment showed that the cercariae were 
eaten and that they had in all probability penetrated the esophagus 

Ifi/ecttan expmmenls with the definitive boat 

live green frogs, Rana clawttons, and five bullfrogs, jR cofcs- 
heiana, all raised under controlled conditions, were subjected to 
infection with the metacercariae collected from the laboratory-raised 
and -infected snails The frogs were infected at different times when 
metacercanae were available, and since the body of the snail also 
was usually fed, the exact number of cysts given at one time could 
not always be determined, but an estimate of the number was al¬ 
ways made 

Only one of the five green frogs Was negative, this was probably 
the result of giving it the cysts from a snail w^oh had hien dead 
for some time Three of the five bullfrogs were negatl>e, two of 
these frogs had been given cysts from snails which had been dead 
for some time, the remaming frog had been given only four encysted 
metacercariae On the basis of a rough estimate derived from this 
infection experiment, it appears that about one fifth of the number 
of metacercariae fed to a frog may be recovered from the bladder 
upon subsequent examination 

Immature and mature flukes were recovered from the frogs 
infected in the experiment Some of the flukes matured in twenty^ 
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one days, and all completed most of their growth m somewhat less 
than two months when kept at summer temperatures Five was 
the largest number of flukes reco\ered from a single ex|)enmental 
host In two frogs which were given encysted metacercanoe at 
two different times, at an interval of fifteen days, two distinct sues 
of parasites were present 

DisrtrssioN of the d^vh^opment jn the dffinitive host and 

OF THE IDENTITY OF aORGODKHA AMPLICAVA 

Changes take place m the metacercana very soon after it arrives 
m the bladder of the defimtive host The ratio of the sucker sizes 
changes on account of the more rapid growth of the acetabulum, 
the ratio of size of oral sucker to that of acetabulum becomes 1 2, 
and this ratio is maintained until maturity, when it changes slightly, 
being about 1 2 4 The sheath around the acetabulum is well 
developed in flukes before they mature, and the space between the 
acetabulum and the body proper is very pronounced (Iigs 7^^) 
The vitellme mass on either side of the body soon differentia tee into 
folheloa which, apparently, become increasingly distinct until the 
parasite reaches maturity The ovary increases m size and is more 
or less trilobed owing to rather shallow indentations of its wall 
The most conspicuous change takes place in the testicular mass, 
the nght and left portions grow postenorly and fill the intercecal 
part of the body posterior to the acetabulum, covering the oyury 
dorsally In stained and mounted specimens the dense testicular 
mass shows httle evidence of being subdivided into testes, and ^here 
Is little separation into a right and a left part until maturity As 
soon as eggs fill the uterus, the spaces m the testicular field become 
occupied with coils of the distend^ uterus, the coils show a tendency 
to separate the testes The testes appear rough in outline and 
relatively smallei, if not actually smaller, than those in immature 
flukes, in old, fully grown specimens the individual testes are si^en 
with difficulty 1 he characteristics of the immature fluke are shown 
in Figure 7, which is of a specimen 600 fx long and 10 days old, and 
In Figure 9, of a specimen neanng matunty, 900 p, long, and 
19 days old 

The following measurements were taken from three specimens 
19 days old which were fixed in corrosive acetic, then stained and 
mounted length, 760 to 900 m (average 863), diameter of oral sucker, 
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135 to 158 /X (a\eraKe 146), diameter of acetabulum, 275 to 316 fx 
(average 298) The youngest mature fluke, which was very similar 
to the out representeii in figure 9, was fixed in corrosive acetic while 
under slight pressure, then stained and mounted, after which it meas¬ 
ured 850 M long, the 2 eggs in the uterus were 18 /x and 15 /x long 
by 13 IX and 11 m wide The following measurements were secured 
from four stained and mounted mature flukes, at least 40 days old, in 
which the uterus, apparently, had reached maximum development 
length, 2 07 to 3 27 mm (average 2 72), diameter of oral sucker 260 
to 330 IX (average 293), diameter of acetabulum, 606 to 786 /x, (aver¬ 
age 694) Twelve eggs, 3 from the terminal part of each uterus, were 
34 to 37 jx (average 35 6) long by 22 to 26 /x (a\ erage 23) w ide 1 hree 
eggs, from one of the specimens, were 43 to 49 ix (average 47) long by 
31 to 34 /u (av erage 33) wide Eggs contain fully dev eloped miracidia 
w hen they escape from the parasite 

Iho largest specimen of this fluke collected by the writer is 
4 0 mm long and was taken from a naturally infected bullfrog 
Harwood (1932) has shown that there are no differences between 
G amplirava Looss, 1899, and 0 circava Guberlct, 1920, and, con¬ 
sequently, considered the latter a synonym, which view is shared 
by the present writer The writer's speciraene agree very well with 
tbt descnption as given by GuberJet, except that the eggs are some¬ 
what larger 

SUMMAttY 

The hfe history of Gorgodtra ampltcavaj as determined by con- 
trolletl experiments, is as follows The clam Musculium parturrmum 
Say was detenmnetl as a first intermediate host, the snail Hchsoma 
anirom as the second intermediate host, and the frogs Rana clamttans 
and R eatesbetam as definitive hosts of the fluke The experimental 
evidence for this hfe history is given In those experiments the snails 
and frogs wore raised and infected under controlled conditions, the 
clams were naturally infected All the hosts reported have been 
observed to harbor natural infections also The pnncipal stages in 
the life history of the parasite have been described 

Division, Buhbau op Animal Indtjstbt 
United Status Dicfabtment or AcrsKmLTCTRB 
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EXPLANATION OF PLATE CIX 

Qorgodera amphcaoa 

All drawings either made with aid of camera lucida or based on camera luoida 
drawings 

iG 1 Flame cell from sporocyst 
Fio 2 Cercaria 

Fia 3 Cercaria body with penetration glands and ooUeoting tubule of excretory 
ft vstem shown only on one side 

Fio 4 Stylet, ventral view 
Fjq 5 Stylet, lateral view 

Fig 6 Metaoeroarla, posterior end. showing excretory bladder and ends of ceca 
Fio 7 Dorsal view of immature specimen, 10 days old 

Fio 8 I>ateral view of immature specimen. 10 days old, showing oral sucker 
and acetabulum with slieath surrounding it 

Fig 9 Ventral view of immature specimen, 19 days old 






SIX UNPUBLISHED LETTERS OF 
CHARLES DARWIN 

WILLIAM E PRAEGtR 

I T WOULD seem that to biologists all letters of Charles Darwin 
would have an mterest of their own even if the contents are of 
slight importance I therefore presume to present these letters With 
the exception of one which was pubhsbe<l m a local paper, none of 
them seems to have been printed They are all addressed to Robert 
Patterson of Belfast, Ireland, and are preserved in his family He 
was Darwin^s senior by seven years He died in 1872, ten years be¬ 
fore his honored fnend 

When In Belfast a few years ago I saw the originals of the letters 
and made copies of them I also had the privilege of readmg some of 
Patterson's letters written to his home folks Those telling of meet¬ 
ings of the Bntish Association are especially interestmg to a natural¬ 
ist Scientists whom he met were often mentioned, and in one 
letter — addressed to Mrs Patterson -he tells of a conversation 
with Darwin at the rooms of the Linnaean Society The letter also 
shows the high estimation m which Patterson's textbooks were held 
by his contemporaries 

Lonvon H Orlook Tuea night 
May 2 1864 

Oeaiubst Maky 

I am iiut home from the meeting of the Linnaean Society At the dinner 
of the Linnaean Club, at the Freemaaon Tavern, I met A B Ward, Lieut HoU 
man, Mr Yarrell, Mr Spence etc It was very pleasant but I wa# put forward a 
little more prominently than 1 would have chosetu I was placed at dinner at the 
rl|ht hand of the iWdent, Professor Ball, and when he pnjposed the health of 
the rlattom he coupled my name with the toast “as one of the great, if not the 
greatest benefactor to Natural History in these kingdoms Bo I had to make 
a littie Ui of a speech Mr Spence had a cab, A he took Van Voorrt, 
Yaiiell, A myself to Soho Square, where the meetings of the society are held 
There I had eome pleasant chat with Charles Dsrwm A Adam White, Curtis 
the totfomologtst eto Many were the compliments bestowed on the “Zoology 
for Sohfocls “ I walked home, a distance of a couple of miles, ~ the night being 
fine — a member of the I Innaean whom I did not know was my companion 

Bo goodnight 

Robket Pattbhbon 
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Robert Patterson, icllow of the Royal Society, was one of the 
many distinguished amateurs whom Britain and Ireland produced in 
the nineteenth century When a boy he was apprenticed to his 
father’s business, that of hard>\arG merchant, he became a successful 
business man and was prominent in civic affairs, filling positions of 
trust and responsibility in his native town Yet in spite of a life 
devoted to merchandizing he found time to develop his very decided 
literary and scientific tastes and was known far beyond his home 
tovi n as a writer and a lecturer In 1838 he published The Natural 
History of Insects Mentioned tn Shakespeare's Plays^ a quaint and 
interesting little book that ran through several editions In 1839 he 
attended for the first time a meeting of the British Association at 
Birmingham A long letter telling in detail his impressions of EngUsh 
scientists is still preserved At this meeting he was elected one of the 
secretaries of Section D, Natural History, his associate was pjdward 
torbes He held the position for five years About this time he took 
a leading part in the movement to have the study of natural history 
introduced into the schools of Ireland This was successful, but a 
difficulty soon appeared, there were no books suitable for school 
instruction Patterson attacked the problem and in 1846 published 
Part I, “Invertebrates,” of his Zoology for Schools Part II, “Verte¬ 
brates,” appeared t^o years later The book was adopted by the 
commissioners of schools for Ireland and later by those for England 
and was used for many years The following letter from Darwin 
will now be understood 

Down, FARNSonotrou, Kent 
AprU 17th [1847] 

Dear Siu 

1 reccivod only yenterday your note of tbo 9tb of March A very kind present 
I fear you must have thought me ungrateful not sooner te have acknowledged 
your kindness, but owing to not having sent to the Qeologioal Society for some 
time, the parcel lay there 

I admire your volume much, you seem to have condensed a wonderfully 
great deal of accurate information & the woodcuts are capital 1 am very much 
pleased to hear that the OommissioDers of Education have adopted your book, 
and I hope you may hve to see some good naturaUste spring up, who wdl acknowl¬ 
edge your work as their first guide and incitement I beg to thank you for your 
kmd expressions towards me m your note, I remain, dear Sir, with much respect 

Your obliged and faithful serv 

C 

To 


R Pattbrson Ebq 
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In 1852 the well-known zooIopHt, Wm Thompson, died suddenly 
after three volumes of his Natural Jhatory of Ireland had been ptil)- 
lishcd Patterson was one of his literary executors, and on him fell the 
responsibility of completing and seeing through the press the fourth 
and last volume, issued in 1856 It is evident that Thompson had 
lent Darwin material to be used in the preparatuin of Ins well-known 
Monograph of the Suh-Class (trrzpedni, henot, m reply to mquines 
from Patterson, the two following letters 


Down, FAHNiionotTUH, Kknt 
Ap 0th [1864] 

My oeah 8ir 

A ah&rp attork of unwellntw haa proveiiUt! my anHwcriug soonpr y<mr note 
of the 28th tiHo — Mr Th<»mii«f»n sent rue all hi« M S on OrniKsJtt & the whole 
of hiB collection, which fillcil a good flixcd box 1 remcnibi r not long before hia 
death returning all the M S A f fool almofit nurc 1 renit mber pac king op all the 
speeltneiiB I have looked m every likely place and can fir 1 nout of hie, but it 
la iuat pOMible that amongst the numbers sent inc from various qtmrUrs, his 
may be overlooked In the middle of summer or early autumn I intc nd returning 
every apenmon w hich T have borrowed & shall then w ithout fad dist-over w hether 
I have any of your poor fnends yet here And m that case will communicate 
with you But 1 very strongly think that collet tion was returnetl 1 his instant 
nay memory flashes across me that he it my reciuest returned me one specimen 
for further examination (and whuh one I mimt somewhere have) but this dem<m 
St rates that the main collection had previously l)een returned to him 
Pray forgive this long note A l^elieve me Dear Sir 

\ ours sincerely 

C Darwin 


Down Farnboroouh Kent 
Aug 21 LlHM] 

Dear Sir — 

I have now gone through all the cirnpcties in the house, and I find some 
half dosen specimens (including some bottles) belonging to iK>or Thompson 
None of these are of much value, excepting as being (nt least some of them) 
rare as Irish 

I have also a few M 8 notes Will you be so kind as to say how I shall 
send them They are rather too heavy A being glass not fit to go by post and 
they are not worth the carriage of so long a journey Is there anywhei p m Lon 
don wh^ they could he till other objects accumulated? I am sorry to cause 
this trouble but would be much obliged if you could send me a line Tnfort unately 
I cannot say positively that I shall bo at liverfiool, otherwise that probably 
would have been a good way of transnaitf mg the specimens 

Pray believe me 
Dear Sir 

\ ours smcerely 

C Darwin 
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Darwin’s interest in the variations of rabbits dates from his visit 
m 1833 to the Falkland Islands, where introduced domestic rabbits 
had become feral On September 8, 1856, writing to J D Hooker 
he says 

By the way I have been astorushod at the dififerences m the ekeletons of 
domeeiio rabbits I showed some of the points to Waterhouse, and asked him 
if he could pretend they were not as great as between species, and he answered, 
“They are a great deal more ” How very odd that no xoologist should ever 
have thought it worth while to look to the real structure of vanetlee 


On this rabbit problem Darwin asks help from Patterson 


Down, Broiclioy, Kknt 
March 10th [1867] 

Mr i>BAB Bin 

I am going to beg a great and troublesome favor of you,I have been col¬ 
lecting skeletons of all varieties of Rabbits, & I want very much a real Irish 
Rabbit, the L veomicule of our poor friend Thompson — Would you have 
the great kindness to take the trouble to procure me one The only eare requisite 
to to get one not very severely shot, but especially not struck on the back of 
the head to kill it, as that part is easily injured k is very characteristic 

1 enclose an address, and you wiU know whether to steamer to Liverpool k 
then per Railway, will he the cheapest and quickest route I am fearful you 
wilt think me rather unreasonable m begging this favor 

Truly believe me 
My dear Sir 

Yours sineersly 

Ch Darwin 

The next letter, on the same subject, has been badly mutilated, 
evidently to obtain the signature 


Down, Broulbt, Kbnt 
Nov 12 [1867] 

My dbar Mr Patterson 

The rabbits arrived safely last night after their long journey, k most stn- 
eerely do I thank you for the very great trouble you have taken to oblige me 
Externally they seem to differ exixtmdy little except perhaps in fulness of head, 
from the rabbit of this ndghbouihood But they shall be ^eletonlsed 

1 have now rabbits from Shetland, Madeira k Ireland and hope to receive 
one soon from Jamaica, so I shall have good means of comparison for to 

several domestic breeds 

If you remember whenever you see lord Mnsserene I hope you wUl present 
my thanks for bis great kindness -- When I have done with the Rabbit Skdetons 
for my own purpoee I shall present to the Brit been thrown away 

k X weU know that you work for Natural History from a pure love of Sdenoe 
With my very sinoere thanks pray believe tne 
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The results of this work appear in Animals and Plants under 
Domeshcattonf published elev en years later 

Letter six is unimportant, but being brief may well be included 
here It was written about a year after the publication of the Ongtn 
It suggests the struggle for existence 


Down, BnoMuar, Kxnt 
O ct 21 Liseoj 

My dear Sir 

I Cwouldl like to thank you for so kindly taking the trouble of communicating 
the Rat V Rabbit case 1 am very glad to have all such facts, but it is doubt¬ 
ful whether I would require to urn. it so T will not give trouble to your informant 
of Inquiring 

With many thanks, jircy believe tw my dear Si 

k ours sincertly 

C H Darwin 

Robert Patterson had a w ide circle of friends among the scientists 
of his day He was an activ e correspondent and must have rocei\ ed 
many letters from men of nott, but, with the exception of those six, 
none seems to have been preserved That there were others from 
Darwin la very probable, for there seems to have been a genuine 
friendship between the two naturalists, but none i« known or likely 
now to be diacov ered 


Kalamazoo CoLLauK 
Kalamazoo, Michiuan 




BIOLOGICAL STUDY OF THE WALNUT HUSK 

FLY (RHAGOLETIS SUA\IS LOEW)* 

* 

DONAID T Rllii? 

D uring the fail of 1931 , while collecting black walnuts (Juglans 
mgra) near Pinckney, Livingston County, Michigan, the wnter 
found a large number haMiig the husks flarktned and apparently 
rotted The busks were blackened and very shiny insulo and con¬ 
tained a large number of ^\hltlsh maggots that moved freely through 
the rotted pulp Infested nuts were very disagreeable to handle, 
since the blackened husks stick to the inner sht II of the nut Inas¬ 
much as the fruit of the black aalnut is not mifiortant to any extent 
commercially in this section, this insect has not attracted any special 
attention, and very few people, even those familiar with the maggots, 
have ever seen the adult fly 

This species belongs to the order Diptera and the family Try- 
petidae It was first described by Loew from a male received in 1862 
from “the middle states ” 

In Michigan the black walnut {Juglans nigra) and the butternut 
(Juglan$ cinerea) are the only hosts of this insect In other parts of 
the country it has been reared from the husks of Persian walnut 
{Juglans regta) and Japanese walnut {Juglans mbokhana) By far 
the commonest host in Michigan is the black walnut 

The husk fly occurs throughout the range of its host plants in 
this state Both the black walnut and the butternut occur tbn)Ugh- 
out the southern counties of the Lower Peninsula 

The emergence of the adults from the ground depends largely 
upon the temperature that has accumulated during the pupal period 
in the ground In the spnng of 1932 the first emergence in this 
vicinity was on July 20 During that season adults continued to 
emerge until September 26 The peak of emergence was during the 
first ten days of August Table I gives the number of emergences 
In one of the large outdoor cages dunng 1932 

* SoldDtific ccDtnbution No 4 from the Cranbrook loetituto of Science 
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TABLE I 

DaTKB AKD NuMBBR 09 EUKROKNCBa OF Aooi/rs FROU THB OROtnfD IN 1932 



os 

No of 
emergence# 

JDates 

No of 
cmergcnocB 

July 

20 

1 

Sept 

9 

3 


28 

5 


10 

2 


31 

8 


11 

6 

Aug. 

1 

3 


17 

’ 8 


2 

12 


23 

1 


6 

C 


24 

1 


9 

7 


26 

2 


15 

8 

Oct 

10 

First larvae left husks 


23 

Fimt ovipoaition ob¬ 
served 


14 

First larvae pupated 


30 

9 





31 

First newly hatched 






larvae found , 





We see from ibis table that the emergence penod covered 69 days 
in 1932 

In 1933, however, the first emergence was observed on June 19, 
and emergences continued throughout the season until September 24, 
thus giving an emergence penod of 98 days The peak of the emer^ 
gence during 1933 was near the end of June The 1933 emergences 
are given in Table II 

Although the first emergence in 1933 was a month earher than it 
was in 1932, the date of oviposition remMned about the same, vis 
August 22 in 1933 as compared with August 23 in 1932 T^s is 
probably explained by the fact that oviposition cannot take place 
until the husk of the nut becomes soft enough for the insertion of 
the ovipositor During the latter part of July, 1933, the writer 
observed a number of females endeavoring to oviposit, but they 
seemed unsuccessful in their attempt to insert the ovipositor through 
the tough exocarp According to observations made by him dunng 
the past season, the green exoearp increases in hardness as the nut 
develops, reaching a maximum hardness about the 20th of August 
As the season progresses after this time the husk gradually softens, 
and we find oviposition takes place during this penod of de¬ 
creasing hardness Boyce found that oviposition in Eureka walnuts 
by B compkta, a closely related species, is inluhited until a hardness 
approximating 1,300 grams per square millimeter is reached 

Results of two years* experhnents in this state tend to show that 
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TABJF II 

Oatkb and Numbkk of Emehuknc£s or Adults from tuk Ground in 1933 


June 19 

2 

Aug 

2 

1 

20 

3 


3 

1 

2t 

8 


4 

1 

22 

2 


5 

2 

25 

1 


6 

1 

27 

2 


13 

2 

28 

II 


15 

3 

29 

20 


16 

4 

30 

4 


17 

5 

July 3 

6 


19 

2 

6 

9 


20 

2 

e 

3 


22 

First ovi|>o8ition observed 

10 

6 


25 

4 

12 

2 


28 

3 

14 

3 


31 

Firet larvae hatched 

16 

4 

Sept 

2 

2 

17 

6 


3 

1 

18 

8 


5 

4 

20 

J 


10 

1 

21 

4 


15 

6 

22 

3 


24 

7 

26 

8 

Oct 

« 

Flint larva© left husks 

27 

3 


U 

First larvae pupated 

29 

3 




31 

5 





the accumulation of warm temperatures dunng the dormant pupal 
period has a definite effect on the emergence of the adults in the early 
summer These experiments have not been ctimpleted and reports 
on them will, thertfore, not be included m thm paper, but will be 
published at a later date 

The adult flies, when confined to large cages, fe<l freely upon 
sugar water and seemed to act normally, like those on the trees. 
However, the writer was unable to attract any flies to several types 
of bait pails bung in the trees 

The adults (PI (^XI, Fig 1) of this species are the largest in the 
genus, measunng from 5 to 7 mm Cresson gives the following 
description of the adults * ‘ Body color taw ny to ferruginous Scutel- 
lum, apices of second to fourth abdominal segments, and legs paler, 
yeUow Bases of entire fifth abdominal segment of male somewhat 
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darker Wings with veins in hyaline areas toward the costa whitish, 
in the other parts, brown The median hyaline triangle does not 
extend beyond fourth vein but the byahne spot in the apex of third 
posterior coll sometimes extends into the discal cell ** The head, 
sides, and upper portion of the abdomen, as well as the legs, are 
covered with a more or less heavy coating of browmsh hairs The 
dorsum of the thorax is densely covered with short yellowish hairs 
interspersed with a few long stiff brown bristles The male geni¬ 
talia are figured m Plate CXI, Figure 3 

During the preoviposition time tbe flies rest quietly on the leaves 
for long periods, or make short flights from one leaf to another At 
this tune they seem to be lappmg food from tbe surface of the leaves 
The writer observed similar actions in the adults of Rhagoletta 
pomonella Walsh 

As oviposition time approaches both the males and the females 
show a tendency to cluster about the fruit and to become very much 
more active Both sexes flit nervously from nut to nut The male 
seems to select a particular fruit upon which he takes his stand, 
he fights off any other males that may approach during the time he is 
waiting for a female to appear When he alights on a nut already 
occupied by another male, tbe first occupant immediately attacks 
him The two face each other, rear up on their bind legs, and engage 
in a brief but often amusing bout The victor, usually the first 
occupant, holds his position while the intruder flies away 

When ready to oviposit the female approaches the fruit by half 
flying, half crawling along the leaves near by before alighting on 
the nut itself As she approaches, the male becomes more and more 
excited, misdclng short qidok jerks back and forth, spinmng around 
and moving the wings rapidly up and down When she alights and 
finds a suitable place in which to oviposit — either a green area or 
a hole made by a previous ovipositing female — she inserts the tip 
of the abdomen llie male immediately springs upon her and oopuk^ 
tion takes place This lasts from a few seconds to several mmutes. 
There are alternate periods of copulation uid oviposition There 
may be five or six such periods b^ore tbe female away How 

many eggs are laid at each oviposition is not determined Several 
times it was noted that the male remaned mounted while ovipo¬ 
sition took place 

A numW of punctures in the fruit were made by the author 
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with a scalpel or a needle The males invariably guarded these, 
apparently coneidenng them suitable places for the female to ovi¬ 
posit Even after the female had oviposited and left, the male 
continued to stand guard Several times the males were observed 
consuming the juice that was discharged fnim these opemngs 
Many tunes both the artificial and the natural punctures, in which 
eggs had already been laid, were revisited by ovipositing females 
This probably accounts for the fact that a hundred or more eggs are 
not uncommon in a single puncture The eggs are laid in closely 
compressed masses (PI CXII, Figs 1-2), usually from 2 to 3 mm 
beneath the outer skin of the husk 

As has already been mentioned, the nuts are well developed by 
the time oviposition takes place The place of ovlposition is in the 
green portion of the husk and is usually diffituli to determine unless 
a drop of the dark juice that usually seeps out from the oviposition 
puncture has run down and stained the husk of the nut More often, 
however, the first sign of infestation does not show until the eggs 
have hatched and the larvae begin tunnehng Within several days 
after the larvae begin feedmg the place of attack shows as a blackened 
area on the surface This spot rapidly increases in size as the larval 
burrows penetrate more of the tissues 

Inasmuch as newly hatched larvae were observed in the same 
channels with larvae at least a week old, it would seem that the female 
does not always oviposit m a new puncture 

The discoloration and breaking down of the husk tissue (PI CXII, 
Figs 3-4) is limited to the portion where the larvae are burrowing 
A number of nuts were found with half of the husk blackened and 
the tissues broken down, but the remaining portion was the dear 
whitish color of an unlnlested husk 

The egg of this species is white, banana-shaped, and distinctly 
carved It is 0 86 to 10 mm in length and about 0 2 mm m width 
Both ends taper One end terminates in a rounded point, the other. 
In a small but distinct spur The eggs hatch in eight to ten days 
The writer has found from 10 to 160 in a single puncture Brooks 
reports having found nearly 200 in a single puncture 

The larvae feed until after the first frosts in the fall, when they 
make their way into the ground They usually leave the husks three 
or four days after the nuts fall to the ground The larval period 
lasts from 36 to 40 days A number of live and active larvae have 
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l^en found in the hu'iks of nuts during the latter part of November, 
but whether or not these are able to survive the wint-or and complete 
their life cycle has not been determined 

Ihe larvae (PI C\, Fig 1) are creamy to white and measure, 
when mature, from 8 8 to 10 0 mm m length and from 1 7 to 2 0 mm 
in width Ihcy have eleven segments of nearly equal length in 
addition to the head segment A distmct fusiform area (PI CX, 
hig 2) 18 on the anterior portion of segments 3-11, with traces of a 
similar area on segments 1-2 The head is small, bearmg two promi¬ 
nent tubercloH that seem to be surmounted by two chitinous eleva¬ 
tions on each There are also two small chitinous-tipped antennae 
at the base of each mouth hook A definitely ndged area is noticeable 
on the head segment immediately below the mouth hooks 

The anterior spiracles (PI CX, Fig 2) are small, yellow, and 
chitinized, with 22-26 small rounded tubules arranged m three 
irregular rows The postenor spiracles (PI CX, Figs 3, 5) are small 
and are located just above the medio-honzontal line, each spiracle 
has three (pate broad yellow entrances, with a darker yellow per- 
itremc The button h small and shghtiy elcv ated Postenor spiracles 
are on a definitely elevated area The mouth hooks (PI CX, Fig 4) 
are definitely curv ed, black, and pointed 

Most of the larvae emerge through a single hole m the side of 
the husk or near the blossom end They work their way four to 
seven inches beneath the surface and pupate two to four days after 
leaving the fruit Only a few larvae pupate in the husk 

The pupae (PI CXI, Fig 2) are of a honey-yellow color and 
cylmdneal and taper from the middle toward the ends The wze 
vanes from 3 3 to 5 16 mm in length, averaging about 4 6 mm , 
and from I 55 to 2 27 mm m width, averaging about 2 07 mm They 
have eleven visible segments, with shallow, yet distinct, interseg- 
mcntal grooves The pupae bear a close resemblance to kernels of 
wheat 

A number of nuts that were placed in pans and cages in October 
were found to contam extremely young, first instar, larvae These 
had apparently hatched only a few days before and it was doubtful 
whether they were able to reach maturity before being killed by 
the heavy frosts in November The nuts had been collected on 
October 2 Observations made in the field about September 22 
revealed adults still ovipositing in the husks 
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That a Hmall |)crcentag:o of tho pupae holti o\rr and enurgc th( 
second sea'^on was shown !>y the fact that about 6 8 jwr rent of the 
pupae in the cages during the winter of 1931 i2 failed to emerge 
during 1932 They were held over the following winter of 1932-13 
During July, 1933, 4 3 per cent of the 6 S per cent emerged as adults 
This delayed emergence checked very dosely with results of experi¬ 
ments carried on by the wnter in this slate during 1925 27 m Rha- 
golette pomotuUa 

The writer is indebted tt» Mrs Elizabtth Burckrnyer of (^ornell 
University for the drawings 

Cranbrook Institotil of Sciknce 
ljL.aoMriPLn Hilih Michiuan 
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STUDIES ON THE FEMALE REPRODUCTIVE 
SYSTEM OF THE PRAIRIE DOG 
CYNOMYS LEUCURUS* 

I GROSS MORPHOLOGY 

ALFRED H 8TOCKABD 

INTRODUCTION 

T he biology of the female reproductive syBtem has long claimed 
the attention of zodlogical investigators The relation of this 
system to the ever-aljfiorbing problem of tlie origin of the indmcluat, 
its striking and profound anatomical and physiological cyclic changes, 
the seeming mase of interrelations between its physiology and endo* 
erme physiology, and the apparent lack of uniformity m the behavior 
of the system in the several species of mammals have all served to 
hold attention 

In previous papers the author has outimed the reproductive 
and the seasonal activities of the praine dog (1920, 1930) This 
paper deals with the gross morphology of its female reproductive 
system and the oyclio changes in the adult animal 

The author is indebted to PiDfessor Peter Okkelberg for his 
direction and assistance in the course of this work 

HISTORICAL 

Investigations of the mammahan female reproductive system 
date back to the beginmng of medical and sodlogical research Aris¬ 
totle makes numerous references to the vagina and cites previous 
writings on the subject He named and described, although in- 
oorrectlyf the uterus and the os uten Correct observations on the 
functions of the ovaries of mammals were first recorded by Veaalius 
(1543), they were later studied by Fallopio (1561), Fabricius (1625), 

* ContHbutlan from th« ZoOloglosl l^borstory of the ITnlvereity of Miehlgan 

m 
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and Haney (1650) Vesalius was also the first to interpret correctly 
the structure and function of the oviducts 

Withm the ovary the corpus luteum was discovered by Coitcr 
(1573), and the Oraafaan follicles, though seen previously, were first 
desenbed by Steno (1667) and later more fully by De Graaf (1672), 
who mistofjk them for ova The true ovum was first desenbed by 
Von Baer (1827), though Provost and Dumas are credited by CoshS 
(1834) with its discovery in 1824 The work of Von Baer aroused the 
interest of morphologists generally in the structure and changes in 
the o\ary A list of investigators of the mammalian ovary since his 
time would include hundreds of names 

PUKSENT STATUS OP THF PROBLEM 

Though the literature is imposing, the number of species of 
mammals that ha\e been studied in detail is less than a score, and a 
complete study of morphogenesis, of the cyclic phenomena of oestrum, 
of pregnancy, and of the life-cycle of the reproductive system has not 
been made on any single species Our knowledge of the morphology 
and the cyclic phenomena is inadequate because of unsatisfactory 
methods in histological technique, lack of exhaustive investigation 
of the soeral problems in any one form, differences in the several 
groups of animals, and in many cases the msufficienoy of the number 
of animals inv estigate<l, and the difficulty of rearing m the laboratory 
the species in which the phenomena are present in their simplest form 
Recent advances in mammalian endocrinology in relation to repro¬ 
duction make it important that our knowledge of the morphology of 
the reproductive system be extended to new forms m which the 
patterns of changes are relatively simple 

MATERIALS AND PROCEDURE 

The prairie dog seemed to be the most desirable form on which to 
conduct this investigation No work on this form had been recorded 
in the literature, and the family SctundaCf to which it belongs, has 
been investigated to only a very limited extent, even though it has 
a wide distribution and many species, some of which contam numer¬ 
ous and conspicuous individuals that may easUy be obtamed The 
prairie dog many habits which make it an unusually interesting 
form for study of problems related to reproduction Since it is now 
the object of a concerted extermination project by rodent-oontroi 
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organizations, some attempts should be made to determine what 
other interesting features it possesses 

Wild ammals were obtained, abo\c ground, by shooting in the 
vicinity of Laramie, Wyonung, dunng the spnngs of 1925, 1927, and 
1928, they were sought dunng the entire year of 1928, though they 
could be found only between March 27 and July 4 Table T indicates 
the date of collection, sequence of progresH, and stage m the sexual 
cycle attained by the animal, and the histological preparations made 
for each animal studied 

The reproductive tracts which were later examined microscopi¬ 
cally were dissected out complete and fixed, those of the 1925 and 
most of the 1927 collections immediately in he field and the remain¬ 
ing ones in the laboratory one to three hours after collection In 
1925 warm Alienas modification of Bourn's fluid was used, and in 
1927 and 1928 Bourn's fluid alone Tissues of the 1925 and 1927 
collections were nnsed in tap water after 4 to 24 hours in the fixa¬ 
tive, drop-dehydrated to 70 per cent alcohol and stored in a 7 I 2 
aloohol-glycerme-water mixture or in paraffin Ihe 1928 materials 
were transferred directly from the fixative to 70 per cent alcohol 
after 5 to 15 days Vha material was embedded in paraffin or par- 
affin-methylbenzoate-celloulin, 8ectione<i senally, and stained m 
Heidenhain's haematoxylm and eosin or in Mallory's connective 
tissue stain after mordanting in Zenker’s fluid without acetic acid 
The 1925 and 1927 technique yielded the most satisfactory results 
The microscopic technique is recorded here because the sequence of 
stages was detennmed in part by histological methods The animals 
were arranged in the sequence recordwi m Tabic I after a study of ihe 
ooUeotion record, the gross morphology, and the histology of the 
reproductive system of each 


STEUCTURK 

The reproductive system of the praine dog consists of patrod 
ovaries related in position to paired oviducts which lead into the 
horns of a duplex uterus, and these open by separate ostia into the 
vagina, which terminates extenially in the vulva Ihe ovary (PI 
CXril, Pigs 1, 4) is bean-shaped and variable in size, being usually 
4 to 6 mm long, 3 5 to 6 mm wide, and 2 to 3 mm thick It is 
attached on its hilar (ventro-raedial midportion) surface by the 
meeovarium to the ligamentura latum (PI CXI 11, Fig 4) and is 
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TABLE I 


RsGORDS or COLUBOltON DaTB» SkXVAL STAQI, and HiSTOLOOIOAL PttBPARATlONB 

or Prairib Doos Btitdiid 

Histological preparatioDa from each speounen are indicated as follows V, sam^ 
transverse seotions from vagina, U, sample transverse sections from uterus, TO, m- 
oomplete senal sections from ovlduet and ovary, TOs, complete serial seotions of 
oviduct and ovary 

POSITION IN RBPBODOCriV* OTCLB 


specimen 


Date taken 
'2fi I ^27 I '28 


Date taken 
'26 I '27 I '28 


Histologi¬ 
cal prep 


2603 




UTO 

2714 


3-30 


VUTO» 

26U 

— 



UTOs 

2827 



4-4 

VU 

2604 

— 



VUTO 

2807 



8-27 

vu 

2612 




UTO 

2748 


4^ 


vu 

2613 




UTOs 

2718 


8-80 


VUTOs 

2867 



4-U 

vu 

2713 


8-27 


VUTOs 

2831 



4-i 

vu 

2716 


3^ 


UTOs 

2742 


4~6 


VUTOs 

2716 


8-30 


VUTOs 






2881 



4-22 

V 


n OBSTBtTM 


2627 

_ 



UTOs 

2683 

m 

m 


UTO 

2821 




vu 

2622 




u 

2621 

— 



UTO* 

2636 

B 

B 


UTO 


ni OMTATION 
A FertMlqft«6tttarsiogss 



Two-cell stage 


t FotuveeU stage 
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B Penod of oarly uterine ttagee 

(S«queaoe dfttermined by relative ^le of Implaatation nodee in uteriu) 


%>eeimea 


»taxen 

-i —"— Specimen 

107 »oa oai prep 


_Higtologi 

o* cal prep 
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TABLE 1 (Conttnufd) 


Specimen 


Date taken 
' 2 i [ 27 I ’28 


Hititologt 
lal prep 


S{y5<*lmen 


Date taken | 

Uistologi- 

’26 

^ ’27 j ’28 

cal prep 


IV LACTATION 


(Sequence determined by relative aire of placental rcraams m ut.prfis) 


28123 



6-12 i 

VIT 

2638 

_ : 



UTO 

28103 



6 1 

VUTO 

2892 ; 



4-27 

V 

27102 1 


5-7 


VUTOs 

2898 ! 



4-27 

VUTO 

28128 



5-12 

VIT 

2539 

— , 



UTO 

2888 



4-22 ; 

VU 

2784 


5-7 


UTOb 

2882 



4-22 

vu 

2789 


5-7 


UTOs 

2641 

— 



UTO 

28111 



6 8 

VU 

28100 



6 1 

VITTO 

28113 



6-8 

VU 

2640 

— 



UTO 

28119 



6-8 

vuro 

28104 



6-1 

vuro 

2783 


5-7 


U 

28120 



6 8 

V TO 

2794 


fr 7 


UTOs 

2537 

— 



UTO 

28127 



flr-12 

VUTO 

28114 



6-8 

VUTO 

2790 


6-7 


UTOs 


V POftT'LACTATION 

(Sequence determined by relative degree of involution of placental remarne and of uterus) 


2818 

6^8 

VUTO 

28137 

6-26 

VU 

28126 

6-12 

vuro 

28146 

6-8 

VU 

28136 

6-19 

vuro 

28148 

6 8 

VUTO 

28130 

6-19 

VUTO 

28163 

6-10 

VUTO 

28139 

6-26 

VUTO 

28161 

8-10 

VUTO 

28166 

6-10 

VUH) 

28161 

6-23 

VUTO 

28167 


VUTO 

28104 

6-23 

VUTO 

28158 

6-16 

VUTO 

28166 

6-23 

VUTO 

28106 

7 4 

VUTO 

28170 

7-4 

VUTO 

2791 

6-7 

U 

2796 

6-7 

UTOs 

28123 

28134 

6-19 

VU 

VUTO 

28163 

6 23 

VUTO 


VI VNCLAaSIPlSD 


28188 



6-25 

VU 

2601 

_ 



UTO 

28143 



6-8 

VUTO 

2602 




UTO 

28171 



7-4 

VUTO 

2619 

— 



UTO 

28176 



7-4 

VU 

2618 

- 



UTO 

28178 



7-4 

VU 

2616 




UTO 

2781b 


6-7 


V 

2626 

— 



UTO 

2749 


— 


U 

2829 



4-4 

V 

2786 


6-7 


U 

28102 



6-1 

VU 

2787 


6-7 


V 

28129 



6-12 

VU 

2776 


4-26 


u 

2770? 


— 


V 

27101 


6-7 


u 





Total number of speolmens studied, 102 (Five unnumbered specimens were dls* 
seeied alter grow preservatioa m formalin) 
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Reproductue System of Cyiiomys 

inclosed in an incomplete ovanal bursa, studied recently by Agduhr 
(1927) m the mouKc 1 he ovary is of a wnooth and regular contour 
in young animals, but in sexually mature animals it is subject to 
constant changes in both size ami shape It is co\ cnsl by the ovanan 
epithelium, which i« continuous with the peritoneum On its surface 
are hillocks of various sizes formed by maturing or recently ruptured 
follicles and by corpom lutea These hillocks are separated by 
grooves and subside upon involution of th(ir contained struc¬ 
tures 

The oviduct (PI higs 2 4) is a firm-walled tube approx¬ 

imately 35 mm long and 0 75 to 15 nun m outside diameter Its 
distal portion, the pars mferstitialis, penetiates the mesenterial wall 
of the uterus and adjoins its lumen near tin tip Its proximal end 
expands into a corolla-hke infundibulum marked by prominent rugae 
and firnbnae and lies vintro-htc ral to the hilar portion of the ovary 
The tube is uniform in diaimtcr ovei the distal 10 mm of its free 
length, the isthmus, but is slightly cxpinded over its proximal 
(ovanal) 5 mm, the pars ainpullaris From its uUnne end the 
oviduct follows the wall of the bursa, first in a craiiio-dorsal direction, 
then it curves ventrad around the inlinor end of the ovary ti the 
floor of the bursa, which it follows across to the medial wall and then 
it turns sharply dorsad and terminales m tht infundibulum which Is 
attached to the imsovanum it the ventro-lateral hilar portion of the 
ovary The mfundibul vr opening facta lat erally away from the ovary 
and into the bursa, its hmbriae partly occludes the mouth of the 
bursa (PI CXIII, Fig 3) Ihis relation of the infundibulum to the 
ovary bolds m all animals taken, regardless of the stage in the sexual 
cycle There is no evidence that the ovary is clasped by the fimbriae 
dunng oestrum A senes of secondary short curves regularly pre^sent 
eight convexities to the lateral view, thi middle six of these curves 
are sharper than the terminal ones 

Each horn of the uterus is susjaended from the dorsal liody wall 
by the ligamentum latum The two horns are separate over the 
greater portion of their length, but are together in a common sheath 
of circular muscle fibers over appioximately two centimeters of their 
postenor portion The two horns have separate cervices and open 
Into the vagina by separate ostia Ihe utenne cornua vary in size, 
ahape, and proportions with the phases in the sexual cycle During 
dioestrum they have a smooth surface, are circular in cross-section, 
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axid are 2 to 3 mm m diameter (PI CXIV, Fig 1) and 6 to 8 cm 
long They are of firm texture and have relatively thiok| muscular 
walls and small lumma Only two regions of the uterus are recog- 
meable externally — the free cornua and the mclosed cervices 

As oestrum approaches the uterus mcreases in length to 10 to 
14 cm and m diameter to 4 or 5 mm (PI CXIV, Fig 3)^ and its 
walls become turgid After copulation it is distended by an enormous 
plug into a thin-walled tube as much as 10 mm m diameter (PI 
CXIV, Fig 2) and 20 cm long Upon the loss of the plug the uterus 
returns to Its prooestrous sise and appearance (Pi CXIV, Fig 3) 
When the embryos become distributed to the points of future im¬ 
plantation a nodular swelling appears in the uterine wall at each 
point where implantation will later take place These implantation 
nodes increase m size until at term they are ovoid bodies with diam¬ 
eters 30 by 55 mm Between the nodes the uterus retains a diameter 
of 6 to 8 mm , but becomes prominently ndged longitudinally After 
parturition the entire uterus is fiabby and longitudinally ridged, 
and is enlarged into nodes at the sites of the placentae, which are 
retained in position and reeorbed during the penod of lactation 
The flaccid condition gradually subsides, the nodes decrease pro¬ 
gressively m sise as the placentae are resorbed, and the uterus returns 
to its normal resting appearance, though it is much smaller at this 
time (PI CXIV, Fig 4) ^an it is when the animals break hibernation 
m the spring 

The vagma is circular m outline, is relatively thm-walled and 
possesses a large lumen, which is usually collapsed (PI CXIV, Fig 6) 
Its dimensions are approximately 8 mm in outside diameter and 
20 mm in length Except during the breeding season it is partly 
closed at its external end by a closure membrane formed by fusioii of 
the Ups of the vulva (PI CXIII, Figa 6-6) 

Two paired mesenteries, the hgamentum latum and the round 
ligament, support the reproductive tract The ligcunentum latum is 
a triangular fold of the pentoneum, along whose ventro-oaudal border 
the reproductive organs are suspended Hie fold la attached along 
its dorsal border to the hyposkdctal musculature and extends £tom 
the level of the kidneys in a caudo-medial direction to the level erf the 
oervu uten The free (oranio-ventral) border of the ligament sk^ies 
toward the ovary, whu^ lies near the v«itral angle of the ligament 
midway between the kidney and the puirfo symphysia At Uiis 
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point the ligament is approximately 8 cm in width, from which it 
narrows progressively to an apex at the cervix 

The ligamentum latum is folded into a pouch, the bursa ovani 
mentioned above, which incloses the ovary and the proximal portion 
of the oviduct The bursa (PI CXIII, Figs 2-i) is approximately 
ten tunes the volume of the ovary and has a mouth about 4 mm 
in diameter and directed caudo-vontro-laterally, being often partly 
occluded by portions of the infundibulum and the ovary The 
ventral border of the ligamentum latum forks into mesial and lateral 
limbs, the mesial lunb being the mosovanum to which the hilar 
portion of the ovary and the infundibulum are attached (PI C'XIII, 
Figs 2 4) The lateral limb has embedded in it the remainder of the 
oviduct Its ventral border is thickened into a system of strong 
cords, the mesosalpinx, which radiate from the tip of the uterine horn 
to the several coils of the oviduct and, with the oviduct, support the 
greater part of the lateral wall of the bursa ovam (PI CXIII, 
Fig 2) 

The mesovanum contains a complex system of tubular structures 
rarely visible macroscopically but conspicuous microscopically in 
approximately two thirds of the mesov ana The system is composed 
of tubules, whose lumina vary in diameter up to 20 nucra, and of 
cysts, which sometimes attain a diameter of 2 mm These structures 
were interpreted as the epoOphoron of Waldeyer (1870) and related 
structures, and will be further described m a later paper 

The secondary or round ligament anses from the lateral surface of 
the ligamentum latum near the mid-region of the uterine horn and 
passes directly caudad to the inguinal region of the body wall The 
ligamentum latum supports the ovanan arteries, veins and lym¬ 
phatics, and the nerves supplying the reproductive tract It also 
supports a large amount of fat disposed throughout its structure 
generally and in a very firm mass just anterior to the ovary 

SUMMARY 

The gross morphology of the female reproductive tract of the 
prairie dog, an hitherto unstudied genus belonging to a little studied 
but very common family of mammals, has been desenbed The 
description covers gross structural features and cyclic changes, a 
kiKiwledge of which Is necessary before a profitable histological study 
ean be made The species m\ estigated shows unusually pronounced 
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and sharp seasonal changes and oharactenstics Many of its morpho¬ 
logical and physiological characters are pnmitive, but some appear to 
be highly specialized The retention and resorption of the placenta 
18 a character which has not been described for any other form 

Univkhsity of Michigan 
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EXPLANATION Ol PLAIP CXI\ 

B IQ 1 Tranaverae 8« tmn a ut* nne hom of aiumai 2503 taken in pn>a ntriim 

Biq 2 Tran«vor»e aet^tion of a utarine horn of ammal 2821 taken <liinnj< 
oewtrum allowing the great cliMtention of the uienia by the oopuJation plug 

Big 3 Tianavf r»e se( turn of a uteiine horn of ammai 2733 takin with two-eell 
embryos in the oviUucta 

B IQ 4 Tranaverae set tUm of a uttwine hom of annual 2795 taken after the t lose 
of the reproductive ptnod 

Fig 6 Transverse set tmn of the vagina of animal 2714 taken during oestrum 
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KEY TO ABBREVIATIONS USED IN PLATES 


4 — ovartal bun* 
e closure membraoe 
ep ^ copulation plug 
— utetitie glands 
in/ — iofundihuhim 
M — fffthmuB 
i — lumen of uterus 
16 — Up of ovarial bursa 
(1 — Ugamenium latum 
m — mouth of ovarial buraa 
mb — mesenterial border 
me — mssovarium 
mt — mesoealplnx 


muse — muscular coats 
0 * — ostium 
oo —'Ovary 

p amp — pan ampullans 
p tnl pan interatitialis 
sm — submucosa 

«ffi c — Bubmuscular connective tissue 
tt •“ uterus 
w I — uterine lumen 
u m — uterine mucosa 
ar —urethra 
vs — vaginal eptthchum 
tf I — vaginal lumen 
so — vaginal ori&cs 


EXPLANATION OF PLATE CXIII 

PiU f Ovary of animal 2881, a mature virgin taken before ovulation Follicles 
of various sixes are to be seen protruding on the surface of the ovary 

Pio 2 Bight oviduct and related parts of animal 28117, lateral view 

Ftu 3 Bight ovarial buna and rolatod parts of animal 28117, medial view 

Fio 4 Bight ovary and ridated parts of animal 28117, medial view, wall of 
bwsa opened 

Ftu 5 Vulva of a female taken before oestrum, showing smalt vaginal orifice 
and w closure membrane 

Flo 8 Vulva of a female taken after oestrum, showing the large vaginal ori6oe 
and no dosure membrane 




ADDITIONAL DATA ON SUBMERGED 
DEPRESSION INDIVIDUALITY IN 
DOUGLAS LAKE, MICHIGAN ♦ 

PAUI S WELCH AND FRANK h EGGLETON 

N umerous data (Welch, 1928 , EggleUm, 1931, Welch and Eg- 
gleton, 1932) have already been publialied on that distinct differ¬ 
ence m limnological behavior which occurs in the six major, isolated, 
submerged depressions in the main basin of Douglas Lake, Cheboygan 
County, Michigan General characteristics of this depression indi¬ 
viduality ha\ e also been summanxed in the papers referred to above 
and need not be repeated here The very scant attention given to 
this phenomenon by other limnologists, the stnking diversity of 
behavior of these depressions, the important bearing of the depres¬ 
sion mdividuahty upon certain lunnobgicai practices, and the un¬ 
usually favorable conditions within Douglas Lake for such a study 
have made it seem desirable to continue the investigation Since 
the last report was published physico-chemical data covering three 
summer seasons (1931-^) have been obtained These data form 
the basis of this paper, and certain ones selected from the totsd data 
are analysed in the tables attached to this report Temperature 
records were taken with a Negretti and Zambra reversing ther¬ 
mometer at vertical intervals of one meter Hydrogen ion concen¬ 
tration was determined by means of a LaMotte colonnietcr, in 
which the intervals between standards are 0 2 pH Occasional use 
was also made of other methods of measuring hydrogen Ion con* 
ccntratlon, both electrometno and colorimetric Analyses of dis¬ 
solved oxygen, free CDs, and alkalimty were made according to 
procedures outlined in the well-known Standard Methods of Water 
Analysts Water samples for chemical analyses were taken at all 

* Contribution from the XJuiverrity of Michigan Biological Station and from 
the ZoOlogioal l 4 iboratoi 7 of the University of Michigan 

Tlie work of the eenior author has been facilitated by a grant from the 
Univeruty of Michigan Faculty Research Fund 

787 



738 


Welch and Eggleton 


critical levels and at frequent intervals in all significant regions 
Maps of Douglas Lake indicating the position, sue, and form of the 
isolated, submerged depressions appear in two of the earlier papers 
(Welch, 1928, Eggleton, 1931) and should be consulted in connection 
with these discussions The tabular matter (Tables I II) has been 
east into e^tsentially the same form as that of the previous reports in 
order that oompansons may be facilitated The data included in 
this re|K)rt are rejitncted to physico-chemical features 

'IHJbRMAL CONDITIONS 

Thermal sirattficahon — During the three seasons covered by 
this report all of the six major depressions, with one exception, de¬ 
veloped typical thermal stratification with the characteristic forma¬ 
tion of a thermochne The one exception (Stony Point depression) 
showed thermal stratification during two of the three seasons, but 
lacked It for most of the other summer Comparison with the pre- 
V lousJy published reports will show that thermal stratification w as a 
more constant feature for the seasons of 1931-33 than in some other 
periods, also that while consistent differences in the position and 
form of the thermochne usually occurred in the various depressions 
on the same or adjacent similar dates, the differences were not so 
great as were manifested dunng some of the previous periods 

Dunng these three seasons the position and extent of the thermo¬ 
chne in South tiah-Tail, Roberts Point, and Fairy Island depressioDs 
were quite similar, although in previous seasons striking differences 
often occurred The meteorological uniformity of these three summers 
must not be stressed too much in trying to explain this rough agree¬ 
ment of the three depressions, since the other three depressions 
showed wide deviations However, similarity of thermocline was 
not accompanied by similarity of bottom temperatures (Table I) 

Bottom-water tmperaturea —Table I shows differences, some¬ 
times striking, in the bottom-water temperatures of the depressions, 
even though certain depressions are of the same depth and ore 
located side by side South Fish-Tail depression, having the greatest 
protection, consistently maintaina the lowest bottom temperatures 
The highest temperatures appear in Stony Point depression, since 
It has a maximum depth of only eighteen meters, which is barely 
sufficient to develop thermal stratification part of the time It is 
clear that each depression maintains its own bottom-water tempera- 
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ture and that these temperatures differ from one another, in some 
instances by several degrees Table I also indicates how these 
bottom-water temperatures differ in the different summers 

Further confirmation of the increases m bottom-water tempera¬ 
ture with the passing of the summer appears in the data given m 
Table I Some discussion of tlus gain in heat appears in the first 
report (Welch, 1928) While this increase m temperature is the 
rule in all the depressions, from time to tune there is an abac nee of 
any significant change, as for example, in the Sedge Point depression 
m 1931 and in the Grafievino Point and Fairy Island depressions 
dunng 1932 Increase in temperature is greatest in Stony Point 
depression owing to the fact that this depiession is not deep enough 
to mamtain uninterruptedly xiA thermal stratification, and summer 
circulation of the ^vate^ in the entire depression may be sufficient to 
mix some of the upper, warmer water with that at the bottom In 
the five deepest depressions where the thermal stratification, once 
it is established, is continuoun for the season, this increase in tempera¬ 
ture commonly does not exceed 1 0 degree C by the middle of August, 
although exceptions occur and the records for former years show gains 
as high as 3 0 degrees Opportunities for consistently following these 
temperature changes in tlie bottom waters until the imtiation of the 
autumnal overturn have been lacking, but a few records made in 
late October show a continuous increase in temperature up to that 
time or later m South Fish-Taii depression Howe\er, one record 
made on October 20, 1928 (Figgleton, 1931) rt%pals that m the 
Roberts Point depression the bottom-water temperature had begun 
to fall Similar gams in bottom-water temperatures have been 
reported by Birge, Juday, and March, 1928, for I-ake Mendota, 
Wisconsin, by Eggleton, 1931, for Third Sister Lake, Washtetiaw 
County, Michigan, and by others 

Peculiar deviations from the usual course of events occur lu the 
temperature of the bottom waters from time to time, one of which 
is the occasional decrease In temperature For example, the tempera¬ 
ture at the bottom of the South Fish-Tail depression on July 16, 
1932, was 9 1 degrees, on August 5 it had dropped to 8 3 degrees 
During essentially the same period of the same year a similar but 
somewhat smaller decline occurred m the Sedge Point and Grape¬ 
vine Point depressions (lable I) Records for earlier years also 
show an occasioned decline of temperature of a similar sort 



740 


Welch and Eggleion 


CHEMICAL CONDlTtONB 

Table 11 presents the principal chemical features for the past 
three summers Evidence of submerged depression individuality 
resides mostly m the records of dissolved oxygen, of free carbon 
dioxide, and of hydrogen ion concentration Alkalinity records show 
differences of such small magnitude that their significance is uncer¬ 
tain Since, during the period covered by this report, none of the 
deepest depressions lacked thermal stratification, the chemical strati¬ 
fication, for the most part, corresponds rather closely with the thermal 
stratification and yields additional evidence of depression individu¬ 
ality The various features of the chemical conditions have been 
discussed in the previous reports, and it scarcely seems necessary to 
contmue them further at this tune since, though additional con* 
firmation is presented, nothing essentially new is involved 

DISCUSSION 

While the second report (Welch and Eggleton, 1932) was in 
press, two papers reporting submerged depression mdividuality ap¬ 
peared and could be referred to at that time only in footnotes add^ 
to the proof These papers deserve further attention 

Scott (1931) mapped and desenbed James Lake, Indiana, which 
goes well toi^ard the extreme m complexity of bamn It is qmte 
elongated and is divided into three major portions arranged more or 
less in linear sequence and connected by narrows or channels, one 
being 242 meters wide and S 2 meters deep, the other, 152 meters 
wide and about 9 meters deep Snow Lake, closely connected Into 
this cham, is regarded by Scott as really being a fourth portion of 
James Lake, although the connection is longer, narrower, and shal¬ 
lower than those between the other major parts The four major 
portions of the lake oontam twenty-one isolated, submerged de¬ 
pressions within the main basin These depressions were found to 
differ from one another physically, chemically, and biologically 
Differences in bottom-water temperatures in depressions having the 
same depth, differences m date of stratification, differences in the 
distribution of dissolved oxygen, and differences in the quality and 
quantity of the plankton are among the evidences of depression 
individuality which are recorded l^e division of this lidce into 
three (or four) major portions connected by murows mii^t suggest 
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that these portions are essentially different lakes, each with indi¬ 
vidual differences Howc\er, it should be noted that the narrows 
are quite wide and have substantial deptlis In addition, each of 
these major portions ("basms”) has several isolated, submerged 
depressions, and Scott's data show distinct individuality in the de¬ 
pressions within the same major portion of the lake 

Yoshimura (1931) made observations upon Lake Akimoto, Japan, 
which also has a complex basin with isolated submerged depressions 
It 18 difficult to understand the details of this lake basin from Yoshi- 
mura's figure and very brief descnption, but it appears that the 
complexity of the mam basin is the result of a volcanic mud flow 
which dammed the valley of two converfe,ing nvers in such a way 
that a lake was formed Within this lake additional deeply hollowed 
basins, separated from the mam basin by submerged ridges, were 
formed from the valleys of small tributaries which entered above the 
mud dam The eight depressions vary in depth from 10 to 315 
meters Of the deeper ones only two have similar depths Yoshi¬ 
mura found certain differences in timperature, dissolved oxygen, 
and hydrogen ion concentration between some depressions, also 
suggestions of biological difference Depression individuality was 
probably inevitable from the peculiar history of the lake basin, since 
it was formed by the drowning of several valleys probably of diverse 
character Each of the eight depressions appears, from Yoshimura's 
map, to have its own inflowing nver or mountain brook In one 
sense these '*basins” are not stnctly comparable with one another, 
as are the depressions in Douglas Lake and at least some of the 
depressions m James Lake However, the fact remains that one 
kind of depression individuality exists in these “basins” which 
now are oo\ ered by one continuous surface stratum of w ater 

Douglas Lake is particularly favorable for this kind of investi¬ 
gation since all the submerged depressions are within one wide-open 
lake basin, none of them ore separated from others by narrows, 
and only one has any shore-line protection Some of them are of 
the same depth and very similar m size and form Depression 
individuality under these circumstances is particularly significant 
Further work on the biological aspect of this individuality is m 
progress and will be reported upon at a later time 
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fiVMMAKY 

1 Physico-chemical data on Douglas Lake, Michigan, taken 
during three summer seasons (1931-33) are added to those already 
published 

2 These data constitute further confirmation of that induidu- 
ahty of limnological behavior which is a constant feature of the 
submergetl depressions within the mam basin of this lake 

3 Depression individuality during the past three summers, while 
not so pronounced as dunug some of the preceding summers, was, 
nevertheless, clearly present 
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TABLE II <Continu4!d) 



June 2d l» ! 4.fe8-0S3 4 15-2 23 absent OO-oO 0^4 t 124-130 ^ 4-' 

July 21 t-a. ea. o 65-0 0 5 37-1 60 21-22 0 0-10 0 0 0-5 0 ' 12S-132 S 4-^ 

Aub 20 ts 1 ca 60 -00 376-2ove) l»-22 00-100 3 0-5 0 129-131 3 5-: 
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fi<&-00 3^e)-27» 36-2S 0(MS0 17-30 130-133 8 4-7 1 77(«>-74 

$.73-00 4 60-1JS5 28-28 00-100 00-04 120-132 84-71 81-7.3 

$.86-00 $00-1.04 30-28 OO-iaO 00-6 0 129-131 8.5-70 8 3Ce)-7 3 

600-00 438-069 20-28 00-110 00-5.0 12i»-l32 83-70 8 4-73 
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By Henry A Sanders With 8 plates Pp x + 323 %S 60 
Part II Available in Paper Cover 

Part 11 The Wabhinoton Manubchipt of the Epirtlkb of Paul 
With 3 plates Pp ix -f 261-315 $l 25 

VoL X The Coptic MANpftCHiPTsiN THE Freer Coi lection By William 
H Worrell With 12 plates Pp xxvi -|- 30fi $4 75 

Parts Sold Separately m Paper Covers 
Parti 1 HE C OPTIC Phaltrb With 6 plates Pp xxvi + 112 $2 00 
Part 11 Two Come HoMOJEa and a Maoical Text rv the Freer 
CoLUSCTioN pp 113-396 $2 60 

VoL XI Contributions to the Hibtory or Science By Louis C Kar- 
pinski and John O Winter With ll plates Pp xi 283 $3 50 

Parti Sold Separately 

Part 1 lloBBBT or Cumteb's Latin Translation or the Aloe bra 
OF Al Kuowarizmi With an Introduction, Cntieal Notes, and an 
] nglish Version By Ixiuis C Karpinski With 4 plates and 25 
diagrams Pp vu + 164 $2 00 

Pan II The PRODBoiitis or Nicoi Aua Stbno’b Latin Dibbertation 
Concbrninq a Solid Body Enclosed by Procebs or Nature 
wiTum A Soi ID rranslaied into English by JohnO Winter With 
7 plates Pp vii + 169 283 $l 30 

VoL xn Studies in East Christian and Homan Art By Charles R 
Morey and W^ter Donnieon (Oirf print ) 

VOL XIII Pr AQMBNTB FROM THE CaIBO GbNTSAH IN THE FRBBB CoLLBC 
TioN Bv Richard Gottbcil and William H Worrtli TexL with Trans* 
lation and an Introduction With 62 plates Pp xxxt + 273 $4 00 

VoL XIV Two Studies in Later Roman and Bteantikb Administration 
By A Iv R Boak and Jamei > Dunlnp Pp x + 324 $2 26 
Part 11 Available m Paper Cover 

Part n The Office of the Grand Cbambbriain in the Later 
Roman and Byeantinb Empirbb By James E Dunlap Pp 164* 
324 $100 

VoL XV Greek Tbemes in Modern Musical SEXTiNaa By Albert A 
Stanley (Out of print ) 

Parts Sold Separately in Paper Covers 
Part I Incidental Music to Perot Macxate^s Drama op Sappho 
AND Praon Pp 1*68 $0 90 

Part IT Music to the Alcbstis of Euripides with Knqush Text 
Pp 71-120 10 80 

Part in Music fortbb Ifuiobnia among the Taurians by Euripidrs 
with Greek Text Pp 123*314 $0 76 
Part IV Two Fragments of Ancient Greek Music Pp 217-226 
$0 30 
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Vmvernly of Mtchtgan Sludtet lii 

Part V Mr«ic to Cantica or thic MJCrtAScaiii or Plautus Pp 220- 
2(>3 $0 60 

Part VI Attw A Symphonic Poem Pp 265-^84 $1 00 

VoL XVI Nicomachus op Oerasa Introduction to AamiMEnc 
Iranalatcd into LngliHh hy Martin I uther D’Oom, with Studies m 
Greek Anthmetio by Frank Kgleston Robbins and Louis C Karpinski 
{Out of print) 

VoiA XVII-XX Royal Cohubhpondbnor op trb Assyrian rupiRK 
franslated into 1 nglish, with a transliteration of the t( xt and a Commen 
tary By I eruy Watf rman 

VoL XVir TrtANHJ ATION 4ND i IlANflLITEHATJOV Pp X h 490 $4 50 

VoL XVni Than sM rioN AND Iran 41 ITERATION Pp iv + 524 $4 50 
VoL XIX CoMMKNrAiiY Pp X + W $4 00 
Voi XX Isi irLtMFNT AND Indpxkh (Iti preparation ) 

VoL XVI Thk Minor Propiifts in the hnKER Colibction and the 
Berlin Iraompni oh OiNFhia BvHmr} A Sanders and Cm 1 Schmidt 
With 7 plattR Pp xui f-416 $.150 

VoL XXII A PAPYRUB CODf-X OP THE StlKT HERD OP HfrmAB, TOOKTHBR 
WITH A Fraomrnt OP THE Mandatfs By Canapbell Bonner With 5 
plates Pp X + 137 $3 00 

VoL VXIIl Ihe CoMiiKTi Commentary of (ii-ruMENiua on the Apoc. 
ALYPHB Now printed for the first time from Manuscpipts at Messina 
Korae, Salonika and Atho8 By U C Uoskier Pp viu + 260 $4 00 

VoL XXIV Zbnon Papyri in the Univehsitt op Michigan Collection 
(-Michigan Papyri, \ol I) By C C Edgar Pp xiv + 211 With 
6 plates $3 50 

VOL XXV KaRANIS lopOURAPttlCAI AND ARrHlTECTUBAL REPORT OF 
Excavations during the Seasons 1924-28 By A F R Boak and 
E Peterson Pp viu + 69 With 42 plates 19 plans, and I map 
$2 00 

VoL XXVI Coptic Sounds By William H Worrell w ith an \ppcndix 
by HidoShohara Pp xvui + 1"^ $3 00 

VoL XXVn Athenian Financial Documents of the Fifth Century 
By B D Mentt Pp xiv + 192 $3 50 

Vole. XXVIII-XXIX (- Michigan Papyn, Vola 11 lU) Papyri from 
XERTtiNiB By A E R Boak 

VoL XXVlll (-Michigan Papyn Vol II) Pp xvi + 259 $3 50 

VoL XXIX {In preparation) 

Vol. XXX Karanib The Temples, Coin Hoards, Botanical and 
Z oOLooiCAi Reports Seasons 1924-31 Edited by A K R Boak 
Pp xii + 93 With 37 plates, 16 plans, and 4 diagrams. $2 50 

Vol XXXI Ancient Textiles from Egypt in the University of 
Michigan Collection ByLUUanM Wilson Pp x + 77 With 23 
plates $2 50 
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IV UmvervUy of M%ch%gan Studien 

Vot XXXtl Parthian Pottkbt from SEbStrciA on thr Tigris By 
Neilson C Debevoise Pp xiv + 182 With 11 plates $3 00 

Vop XXXin The Athenian Assbssubnt or 42!^ B C By B 0 Merltt 
and A B West Pp xiv + 112 With 2 plates and 17 figures $3 GO 

Vois XXXIV-XXXV Greek Ostraca in the University or Michigan 
CotLR<TTON By Leiv Amundsen 
VoL XXXIV Part I Texts Pp xx + 232 $3 50 
VoL XXXV Part II Comisentart (/n preparation ) 

Voii XXXVI Stamped and Inscribed Objects from Selbucia on the 
Tiobib By R H MoDoaell Pp xx + 272 $8 60 

Vot XXXVU Corns from S&tBCciA on the Tigris By R H McDowell 
(In pre $$) 

Vot XXXVU I A Thibd^kntobt Papvrds Codex op the Epistles 
OF Paul By Henry A Sanders. Pp xu +127 $3 00 


THB JEROMS LBCTURBS 

Lite and I^bttebs in tbb Papyri By J Q Winter Pp viU + 908 13 50 

SCIENTIFIC SSRIBS 

Sise, 28 X 18 5 cm. V Bound m Cloth 

Vox*. I The Circulation and Sleep By John F Shepard Pp lx + 83, 
with an Atlas of 63 plates, bound separately Text and Atlas, $3 60 

VoL. 11 Studies on Divergent Series and SouuABaiTT By Walter 
B Ford Pp XI + 194 f2 50 

Sise, 16 X 23 6 cm 

Vox 111 The Geology or the Netherlands East Indies By H A 
Brouwer With 18 plates and 17 text figures Pp xd + 160 |3 00 

VoL IV Tor Glacial Anticyclones The Poles or the Atmospheric 
Circulation By William Herbert Hobbs. With 3 plates and 53 figures 
Pp XXIV+ 198 $275 

VoLS V-Vin Reports or the Greenland Expeditionb or the Uni¬ 
versity or MiemoAN (1926-31) W H Hobbs, Director 
VoL V Afirology, Expeditions of 1926 and 1927-39 With 33 plates 
and 30 text figures. Pp x + 262 $6.00 
VoL. VI Axiology, Expeditions of 1980-81 (In proparatton ) 

VoL VII Meteorology (In pnparalt(n^) 

VoL VIU Geology, Qlaolology, Botany, etc (In preparoison.) 

VoL IX The Cenits Diaporthe Nitsobxb and Its Seoreoates. By 
t/ewis£ Wehmtyer ^ x^m With 18 Plates. $3 50 

VoL. X The DtsTRiEtmoN or the Currents or Acnott and or In¬ 
jury Ptsplathd »r Heart Mcsclb and Other Ekoitarle Tissttes 
By F N Wilson, A G Macieod. and P S Barker Pp.vtU+59 $160 
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Umveratty of Michigan Puhlicaliom 


V 


HBMOms OF THE UNIVERSITY OP MICHIGAN MUSEUMS 
SiW) 26 X 17 rm 4® Bound m Cloth 

VoL I Thb Whip Sivaki-h ano Racei» Geneha Mastioophw and 
CoiupER By A I Ortenburgttr. Iftiiversity of Oklahoma With 36 
plates and 64 text 6i(ures Pp xviti + 247 $6 00 

VOL II DBBCBlPnON OP THB SkULL OP A NbW FoBM OP pHTTOSAtTB, WITH 
Notes on the Characters or Described North American Phttosaurs 
By r C Case. University of Michigan With 7 plates and 24 text figures 
Ppvi + 66 $20a 


UNIVERSITY OF MICHIGAN 
PUBLICATIONS 

Gdoeral Editor BUOENB 3 McCARTNBT 
HUMANISTIC PAPERS 
Size, 22 7 X 15 2 cm 8® Bound in Cloth 
The Life and Work of Georcb Sylvester Morris A Chapter in the 
History or American rnonoHT in the Nineteenth Century By 
UoBBRT M Wenley Pp XV + 832 II 50 

Henry Philip Tappan Phiiosopher and University President By 
CuARiJW Perry Pp xu + 475 IS 25 
Latin and Greek in American Education, with Symposia on the Value 
or Humanistic Siudibs, lleviscd Edition Edited by Francis W 
Kelsey Pp xm + 360 |2 00 

The Mbnaechmi op Piautus The I atm Text, with a Translation by 
JoespR H Drake, University of Michigan Pp xi +130 Paper 
covers $0 60 


LANGUAGE AND LITERATURE 

VoL I Studies in Shakespeare, Milton and Donne By Mombeni of 
the English Depnrtmont of the University of Michigan Pp vui-f232. 
12 50 

VoL, II Elikaiiithan Proverb Ix)RB in Lylys ^Eupbues’ and in 
pETTin's' Petite Pailace/ with Parallels prom Shakespeare By 
Moms P 1 illey Pp x + 461 $3 50 

VoL HI The Social Mode or Hkstoration ( omedy By Kathleen M 
Lynch Ppx+242 |2 50 

Voi IV SruAUT Poi mcft in Chapman s ‘Tragedy or Chabot ' By Kpma 
D Solve Ppx+m 1250 

VoL V El Libro dei Cauallero SSipab Part I, Text Bj 0 P Wagner 
Pp xviM + 632, with 9 plates |5 00 

Voi^ VI El Lirro del Cauallero Zipar Part IL Commentary By 
0 P Wagner {In preparaiton.) 
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Ana 4 



VI University of Michigan PuhUcahons 

VOL VII STRlNDBERO’fi DRAMATIC ExPBBBBlORlBM By C E W L 
DahlstrOm Pp xu + 242 $2 50 

VoL Vni Lbsavs and Htiioibb in Fnui ish and Comparative I ircRATURE 
By Membere of the Fngliah Departmeot of tlte University of Michigan 
Pp vui 4 231 $2 60 

VoL IX Toward the Underbtandjnu of Shki i e\ By Bonnott Weaver 
Univeraity of Michigan Pp xu + 258 S2 60 

VoL X Esbats and Studies in Enoubh and Comparative Literature 
By Members of the English Department of the University of Michigan 
Pp Vi + 278 12 60 

V 01 XI i hench Modal Syntax in the Sixteenth Century By Newton 
S Bement Pp xvm + IbH 12 50 

Voi XII The Intklugctual Miiieo or John Dhyden By Iaiuib I 
Brodvoiii Pp viii + 1H9 12 50 

Cpntt niE8 OF l^itENCu PoKfic Thbory (132H-lfl30) By W J Pat¬ 
terson (/n prc»») 


HISTORY AND POLITICAL SCIENCE 

{The Aral three volumeB of thts senee were jfithltehed as *'//telf>ncnl Studies/' 
under (he dirccfwm of (he Oeparimeni of History Vo/uwea IV and \ uere 
uiiihout numhera ) 

Voi I A IfiaTouY or the President s Cabinet By Mary Louise Hinsdale 
{Out of pnni) 

VoL U Evolihh Rule in Gascony 1199-1260, with Special RErERENCs 
TO THE 1 ow N» By I‘ rank Burr Marsh Pp xi -h 178 SI 26 

VoL HI The Color Line in Ohio A History or Race Prkjudh b in a 
Typical North?un State By Frank Uriah Quillan {Out of pnnl) 

VoL IV fiiE Senate and Treatifs, 1789-1817 The Dfvfixipment of 
the liiEATY Making Ponctionb of the United Btatls Senate 
DUHiNfi fHEin Formative Persod By Ralston Hayden Pp xvi 4* 
237 SI 60 

VoL V William Plumer'e Memorandum of Proceedings in the United 
Statfb S?natb, 1803-1807 Edited by Everett Somerville Brown 
Pp XI+673 S3 60 

VoL VI The (irain Supply of Fngi and during the Napoleonic Period 
By W F Galpin Pp xi + 306 S3 00 

VoL VII Eighteenth Century Documents relating to the Hotal 
Forests, the Sheriffs and Smuogung Selected from the Shel¬ 
burne Manuscripts in the Wuuah L Cijsmbnts Library By 
Arthur Lyon Cross With4platos Pp xvm + 328 S3 00 

VoL VIII The Low Countries and the Hundred Years* War, 1826- 
1347 By Henry S Lucan Pp x^U+696 S4 00 
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Umveraily of Michtgan Publicatton$ vii 

VoL IX Th» Anqlo-Frknch TnaAir of CouMtsncK of 1860 and th® 

PROQHB8B OF TUB iNDIJflTftlAL RuVOLUTlON IN FlUNCD By A L 

Dunham Pp xiv + 409 $3 00 

Von X run Youth of EnA»M08 By A Hyma, Pp xu + 360 $3 00 


CONTRlBXraONS FROM THE MUSEUM OF PALEONTOLOGY 

{A list of the separate papers in Volumes II-IV mil 6e sent upon request ) 
Voi I Tub Sthatiqraphy and Iauna op tub IIackbbrry Staox or tbb 
Upfpu Devonian I3v Curmll Lane tentou and Mildred Adams Fenton 
WOh 45 plates 9 text figures, and 1 map Pp xi + 260 $2 76 

Voi II Consisting of 14 papers With 41 plates,39 text figures, and 1 map 
Pp IX + 240 $3 00 

Voi III Consisting nf 13 papers With 64 plates, 49 text figures, and 1 map 
Pp vm-f 276 S3 60 

Voi IV Cuneistlng of misrollaneous papers {In progress ) 


ARCHAEOLOGICAL REPORTS 

Pkbuminart Report upon the Lxcavations at Tei Umar, Iraq, Con¬ 
ducted BY THE UNlVRRftin OP MlCIUOAN AND THE XOLFDO MUBETTII 
OF Art Leroy Watoiman I^ireotor With 13 plates and 7 text figures 
Pp X + 02 II 60 Bound in paper 

Second Preiiminary Repoki i po\ the Excavaiions at Tfl Umab, 
Iraq, Condccted by thk University of Michkjan, the Toiedo 
MuRBim OF Art, and the Cleveland Musecm of Art Leroy 
Waterman, Director With 26 plates and 12 text figures, Pp xW + 78 
11 60 Bound in paper 


PAPERS OF THE MICHIGAN ACADEMY OF SCIENCE, ARTS AND 
LETTERS 

(ConUlning Papers submitted at Annual Meetings) 

Bdlton BOOBlfB S M«CARTEBT AND ALFRED H. 8TOCXARD 
Size, 24 2 X 16 6 cm 8* Bound m Cloth 
VoL. I (1921) Pp n + 424 12 00 

VoL. 11 (1922) Pp xi + 226 $2 00 Boimd in paper, $1 50 

VoL III (1923) Pp xa + 473 $3 00 Bound in paper, S2 26 

VoD IV (1924), Part I Pp xil + 631 $800 Bound in paper, 12 26 

VoL IV (1924), Part II A Key to the Snakes of the United States, 

Canada and Lower California By Frank N Blanchard. Pp xiil 
+ 85 Cloth $175 
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vui UnteertUy <4 Michigan Pubhcations 

VoL V (1926) Ppxli + 47« 1800 Bound in paper, S3 38. 

Vot VI <1W) (Paper* in botany only ) Pp xii + 400 $3 00 Bound in 
paper, $2 25 

VoL VII (1920) (No papera m botany) Pp xSl + 43S $3 00 Bound 

in paper, $2 26 

Vou Vin (1927) Pp nv + 466 $300 Bound m paper, $2.25 

Voh, IX (1928) (Papere in botany and foreetry only ) Pp xiv -i- 607 $4 00 
Bound In paper, $^ 25 

Vqu X (1928) (No napera in botany or foreetry) Pp xvii + 620 $4 00 
Bound In paj^r, $2 26 

Voi^ XI (1926) (Paper* in botany and Kodlogy only) Pp xll + 494 $3 60 
Bound in paper, $2 25 

Voir XII (1929) (No papera in botany or soOlogy ) Pp xii + 348 $3 00 
Bound in paper, $2 25 

VoL Xni (1930) (Papera in botany and aoOlogy only) Pp xH + 603 
$4 00 Bound m paper, $2 25 

Von XIV (1930) (No papera m botany or sodlogy) Pp xv + 660 $4,00 
Bound in paper, $2 ^ 

Vou XV (1981) (Papera in botany, foreetry, and zodlogy only) Pp x 
+ 511 $3^ ^und in paper, $2 25 

Von XVX (1931) (No papera in botany, foreetry, or zoOIogy ) Pp x + 521 
$3 50 Bound in paper, $2 26 

Von XVII (1982) (Paper* in botany, foreetry, and soOlogy only ) Pp x 
+ 738 $400 Bound lu paper, $225 

Vou XVllI (1932) (No papera In botany, forestry, or xoOlogy ) Pp xiv 
+ 623 ^ 00 Bound In paper, $2 25 

Von XIX (1933) Pp xu + 662 $4 00 Bound in paper, $2 26 

Voi* XX (1^4) Pp xvi + 756 $4 00 Bound In paper, $2 26 
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